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(57) ABSTRACT 

There is provided a method for manufacturing a photoelec 
tronic device comprising a Silicon platform (Support 
Substrate) having a groove for guiding an optical fiber, a 
Semiconductor laser chip Secured on the Substrate and an 
optical fiber fitted in the groove at one end thereof to be 
Secured on the Support Substrate wherein the optical fiber 
fitted in the groove is Secured on the Support Substrate with 
a first bonding element constituted by an adhesive injected 
to fill the groove under the optical fiber; one surface of the 
Support Substrate is covered with Silicone gel; the Support 
Substrate is Secured in a package made of plastic, and the 
package is filled with the Silicone gel which is a protective 
film transparent to light transmitted by the optical fiber and 
resistant to humidity. 

32 Claims, 19 Drawing Sheets 
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PHOTOELECTRONIC DEVICE AND 
METHOD OF MANUFACTURING THE SAME 

The present invention relates to a photoelectronic device 
(Semiconductor optical module) and a method of manufac 
turing the same and, more particularly, to a technique 
effective for bonding and Securing an optical fiber to a 
Silicon Substrate having a groove on the Surface thereof 
referred to as “silicon platform” using a bonding element 
Such as thermosetting resin or an ultraViolet-Setting adhe 
SVC. 

BACKGROUND OF THE INVENTION 

Photoelectronic device incorporating a Semiconductor 
laser (semiconductor laser chip) are used as light Sources for 
information processing apparatuses and light Sources for 
optical communication. 
One well-known type of photoelectronic devices is pho 

toelectronic devices (semiconductor laser devices) having a 
box-type package Structure. 

Referring to passive alignment mounting utilizing a sili 
con platform, for example, passive alignment type optical 
modules are known which has a structure in which a Silicon 
platform is mounted in a package having leads and a cover; 
a laser diode, a monitor photodiode and a pig-tail optical 
fiber are mounted on the Silicon platform; and a presser plate 
is mounted. 

SUMMARY OF THE INVENTION 

The inventors are working on techniques for Securing an 
optical fiber on a Silicon platform in a short period of time 
and techniques to reduce the cost of packaging in optoelec 
tonic apparatuses incorporating a Semiconductor laser 
(passive alignment type optical module). 

The inventors made the following Studies of techniques 
for Securing an optical fiber on a Silicon platform in a short 
period of time. 

In a conventional Semiconductor optical module utilizing 
a Silicon platform (Support Substrate), an optical fiber 
embedded in the Silicon platform is Secured after adjusting 
optical coupling between the end of the optical fiber embed 
ded in a groove on the Silicon platform So as to trail along 
it and a Semiconductor laser chip Secured on the Surface of 
the Silicon platform. It is secured using (1) a technique for 
Securing it with thermosetting resin (thermosetting epoxy 
resin) or an adhesive Such as an ultraviolet-setting adhesive 
and (2) a technique for Securing the optical fiber while 
pressing it against the Silicon platform with a presser plate. 
When an optical fiber is Secured with thermosetting resin, 

a process of applying and Setting the thermosetting resin 
must be performed with the optical fiber pressed against the 
Silicon platform to remain Static after adjustment of optical 
coupling. 

However, this method reduces the efficiency of an opera 
tion of Securing optical fiber because the thermosetting resin 
takes a long time to be set. For example, in the case of epoxy 
resin used as thermosetting resin, the Setting process takes 
about two minutes even at a temperature of 150° C. which 
is in the excess of the guaranteed temperature for an optical 
fiber. 

Since the adjustment of optical coupling is performed 
using a fiber inserting apparatus, the long time spent for the 
adjustment of optical coupling results in a reduction in the 
operating efficiency of the fiber inserting apparatus. In 
addition, a fiber inserting apparatus is expensive and con 
Sequently increases the cost for the adjustment of optical 
coupling. 
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2 
The method of Setting thermosetting resin on a fiber 

inserting apparatus after the adjustment of optical coupling 
has had a problem in that the process of Setting thermoset 
ting resin can not be performed on a batch proceSS basis and 
this reduces the operating efficiency of a fiber inserting 
apparatus further. 
The efficiency of the conventional operation of Securing 

an optical fiber with thermosetting resin is thus reduced, 
which hinders any reduction in the manufacturing cost of a 
photoelectronic device (optical module). 
The conventional technique for Securing an optical fiber 

with thermosetting resin results in a reduction of the yield of 
optical axis alignment because the State of optical coupling 
can change if the optical fiber is moved before the thermo 
Setting resin is reliably Set. 

Referring to the technique of Securing an optical fiber on 
a Silicon platform by applying an ultraViolet-Setting adhesive 
to a part of the optical fiber and Silicon platform and 
thereafter irradiating the ultraViolet-Setting adhesive with 
ultraViolet light to Set the ultraViolet-Setting adhesive, it 
Secures an optical fiber with reduced reliability because 
regions which can not be irradiated with ultraViolet light are 
not Set, although the Setting process utilizing ultraViolet 
irradiation allows an optical fiber to be Secured in a short 
period of time. 
A possible Solution is a two-step processing mode which 

involves setting by means of irradiation with ultraviolet 
beams and heat Setting using an ultraViolet-Setting adhesive 
which can be set by both ultraviolet beams and heat. In this 
case, the efficiency of an operation of Securing an optical 
fiber (turnaround time: TAT) is reduced because the setting 
process using heat takes time. An example of this type of 
ultraViolet-Setting adhesives takes a heating time as long as 
60 minutes at 120° C. 
Aheat Setting process at a processing temperature as high 

as 120°C. and with a long processing time as described 
above can result in deterioration of resin covering an optical 
fiber (the region of a fiber cable). 

In a structure in which a metalized layer is provided on the 
Surface of an optical fiber comprising a core and a clad 
(optical fiber core) and in which the metalized layer is used 
to Secure the optical fiber to a Silicon platform or a cylin 
drical fiber guide for guiding the optical fiber with Solder, 
when an optical fiber is fitted in a groove on a Silicon 
platform So as to trail along it, variation of the thickness of 
the metalized layer can make it difficult to adjust optical 
coupling between the core of the optical fiber and a Semi 
conductor laser chip. 

Under Such circumstances, the inventors are Studying a 
technique as described below for Securing an optical fiber on 
a Silicon platform, although it is not a known technique. 
Specifically, in a conventional method in which a Silicon 
platform (Support Substrate) having a groove on the Surface 
thereof is prepared; a photoelectric conversion element 
(semiconductor laser chip) is thereafter Secured on the 
Surface of the Support Substrate at one end of the groove, an 
optical fiber is fitted in the groove So as to trail along it; and, 
thereafter, the State of transmission and reception of light 
between the photoelectric conversion element and the opti 
cal fiber is adjusted and the optical fiber is Secured on the 
Support Substrate with thermosetting resin, according to the 
technique, the optical fiber is preliminaryly Secured using 
Securing means in a Securing time shorter than the Setting 
time of the thermosetting resin while it is pressed against the 
Support Substrate, and is thereafter finally Secured with 
thermosetting resin with the pressing cancelled. 
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For example, an ultraViolet-Setting adhesive is applied to 
a part of the optical fiber and Support Substrate; the 
ultraViolet-Setting adhesive is set by irradiating it with 
ultraViolet light to preliminary Secure the optical fiber on the 
Support Substrate; and a part of the optical fiber which is 
farther from the Semiconductor laser chip than the prelimi 
nary Secured position is covered with thermosetting resin. 

According to this technique, Since preliminary Securing is 
carried out using an ultraViolet-setting adhesive, a Support 
Substrate and the like can be moved even after the applica 
tion of thermosetting resin and before the thermosetting 
resin is Set. This allows the Support Structure and the like to 
be removed from a fiber inserting apparatus in a short period 
of time, and the process of Setting the thermosetting resin 
(final Securing) can therefore be carried out on a batch 
proceSS basis. Such a batch process makes it possible to 
reduce the time required for Securing an optical fiber on one 
Support Substrate. The reliability of optical coupling is also 
improved. 

In addition to the employment of this technique, the 
inventors also Studied techniques for reducing the cost of a 
package. In order to achieve a reduction in the package cost, 
they decided to make a package main body (case) and a 
cover element (cap) forming a package from plastic and to 
adopt a structure in which the case and cap are bonded with 
resin. Further, Since plastic is leSS resistant to humidity than 
ceramics, it was conceived to improve humidity resistance 
by Sealing the case with Silicone gel to cover the Surface of 
components on the Support Structure including a Semicon 
ductor laser chip. 

Referring to this technique, however, it was revealed by 
the inventors that Such a Silicone gel Sealing structure 
reduces the strength and reliability of the Securing of an 
optical fiber and also reduces humidity resistance. It was 
found that this is attributable to bubbles generated in silicone 
gel. 

Experiments and Studies made on the mechanism of the 
generation of bubbles revealed that the number of bubbles 
can increase from the initial value depending on the tem 
perature cycle, i.e., the temperature of the environment of 
Sc. 

FIG. 25 is a schematic view of a region in which an 
optical fiber 3 is Secured in a groove 2 on a Silicon platform 
(Support Substrate) 1 through preliminary Securing with an 
ultraViolet-Setting adhesive 4 and final Securing with ther 
mosetting resin 5 and in which the upper Surface of the 
silicon platform 1 is covered by silicone gel 6. The optical 
fiber 3 is formed by a clad 3b and a core 3a located in the 
center of the Same. The two-dot chain line represents a 
semiconductor laser chip 6. As shown in FIG. 25, the 
generation of a bubble 10 is likely to occur in the silicone gel 
in an enclosed region 9 defined by the Surface of the groove 
2 of the silicon platform 1 and the optical fiber. 

The presence of the bubble reduces the strength and 
reliability of the securing of the optical fiber 3 to the silicon 
platform 1. 

Humidity resistance is reduced not only by the presence 
of the bubble 10 itself but also by the fact that the region of 
the bubble acts as a nucleus to trap any invasive moisture to 
make it difficult to release the moisture to the outside. A 
Semiconductor laser chip, light-receiving element and the 
like are provided ahead of the end of the optical fiber and a 
wiring layer, wires and the like are provided around the 
same. Therefore, any moisture trapped by the bubble 10 can 
cause oxidation and corrosion of those parts to reduce the 
humidity resistance of the optical module. 
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With moisture trapped at the region of a bubble, the 

moisture can be frozen when the optical module is exposed 
to a temperature below the freezing point, which can cause 
troubles attributable to a resultant change in the Volume. 
As shown in FIGS. 26A, 26B, 27A and 27B, an experi 

ment was conducted in which a metal frame 16 was placed 
on the bottom of a container 15; two capillaries 17 made of 
glass (having an inner diameter of 0.13 mm) were arranged 
thereon in parallel and in contact with each other, and the 
interior of the container 15 was filled with silicone gel 6 to 
cover the surface and interior of the capillaries 17 such that 
no bubble was involved. Thereafter, the container 15 was 
kept under certain curing process conditions (a processing 
temperature of 120° C. and a processing time of 60 minutes). 
FIGS. 26A and 26B are schematic views showing the 
distribution of bubbles 10 in the silicon gel set under the 
curing process conditions. FIG. 26A is a plan View, and FIG. 
26B is a sectional view. 

After the Silicone gel was Set, environmental tests Such as 
temperature cycles were conducted. Specifically, (1) 40 
cycles of about 35 minutes at a temperature in the range 
from -40 to +85 C., (2) 136 hours at a high temperature and 
humidity (a temperature of 85 C. and a relative humidity of 
85%), (3) high temperature baking (120° C) for 30 minutes 
and (4) storage at a low temperature (-55 C.) for 1.5 hours 
were carried out in the order listed. FIGS. 27A and 27B are 
schematic views showing the distribution of bubbles 10 
generated in the Silicon gel during the environmental tests 
including temperature cycles. FIG. 27A is a plan View, and 
FIG. 27B is a sectional view. 
The bubbles 10 in FIGS. 26A, 26B, 27A and 27B are 

illustrations based on photographs which represent accurate 
positions, although the shapes of the bubbles may be slightly 
different from the real ones. 
As shown in FIGS. 26A and 26B, the bubbles 10 are 

dispersed across the inner diameter of the capillaries 17, but 
there is no bubble at both ends of the capillaries 17. The 
reason is assumed to be the fact that the Silicone gel can 
freely move in and out the capillary 17 at both ends thereof 
(open regions), and it is assumed that cavities or bubbles 10 
are generated at inner diameter regions deep in the capil 
laries 17 because the movement of Silicone gel in Such 
regions is not Sufficient to compensate for a reduction of the 
volume attributable to contraction. 

Further, as shown in FIGS. 27A and 27B, since the 
capillaries are repeatedly exposed to varying temperature 
and humidity during the environmental tests, new cavities 
are generated as the Silicone gel moves to increase bubbles 
10. It is assumed that the shapes of bubbles 10 change as a 
result of integration or separation of cavities adjacent to each 
other. Bubbles had greater configurations and were Sub 
jected to great positional shifts at a high temperature of 120 
C., and many Small bubbles were generated at a low tem 
perature of -55 C. 

FIGS. 27A and 27B show that new bubbles 10 were 
generated in a region where no bubble 10 had existed as 
shown in FIGS. 26A and 26B, specifically, the region 
surrounded by the metal frame 16 and the two capillaries 17 
(the enclosed region 9). 

It was found that when the interior of the plastic case was 
Sealed with Silicone gel to over the Surface of components on 
the Support Substrate 1 including the Semiconductor laser 
chip 7, bubbles 10 might be generated not only in the silicon 
gel 6 filled in the groove 2 under the optical fiber 3 as shown 
in FIG. 28 but also between the end face (front incidence 
Surface) of the optical fiber 1 and the Semiconductor laser 
chip 7. 
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The reason is assumed to be the fact that the gap between 
the end face of the optical fiber 3 and the front emission 
Surface of the Semiconductor laser chip 7 does not act as an 
open region because it is as Small as 40 to 50 um and that 
the gap is likely to generate bubbles when heated repeatedly. 
Specifically, while no bubble 10 was observed at the gap 
between the end face of the optical fiber 3 and the front 
emission Surface of the Semiconductor laser chip 7 at an 
early Stage when the Silicone gel 6 had been filled and Set 
after assembly, the phenomenon of generation of bubbles 10 
at the gap between the end face of the optical fiber 3 and the 
front emission Surface of the Semiconductor laser chip 7 
occasionally occurred after the heat cycle test. 
When a bubble 10 is generated at the gap between the end 

face of the optical fiber 3 and the Semiconductor laser chip 
7 to come into the optical path of laser light 11 emitted from 
the emission Surface of the Semiconductor laser chip 7 (See 
FIGS. 29 and 30), since the bubble 10 acts as an lens, the 
direction of the laser light 11 emitted by the semiconductor 
laser chip 7 is changed (eclipsed) to disallow optical cou 
pling to the optical fiber 3 or to reduce the efficiency of 
optical coupling. When the optical fiber 3 is a Single mode 
fiber whose core 3a has a diameter as Small as about 10 um, 
optical coupling is often disabled. Reference number 31 in 
FIGS. 28 through 30 represents a light-receiving element 31 
for receiving the laser light 11 emitted from the rear emis 
sion surface of the semiconductor laser chip 7. In FIG. 30, 
the Silicone gel 6 is present on the entire upper Surface of the 
Support Substrate 1. 

It is an object of the invention to provide a photoelectronic 
device with high optical coupling efficiency and a method of 
manufacturing the Same. 

It is another object of the invention to provide a photo 
electronic device in which an optical fiber is Secured with 
high Strength and reliability and a method of manufacturing 
the same. 

It is still another object of the invention to provide a 
photoelectronic device having excellent humidity resistance 
and a method of manufacturing the Same. 

It is still another object of the invention to provide a 
photoelectronic device in which an optical fiber can be 
Secured in a shorter working time and a method of manu 
facturing the Same. 

It is still another object of the invention to provide a 
photoelectronic device which can be manufactured at a 
reduced cost and a method of manufacturing the same. 

The above and other objects and novel features of the 
invention will become apparent from the description of this 
Specification and the accompanying drawings. 

Typical aspects of the invention disclosed here can be 
briefly described as follows. 

(1) There is provided a photoelectronic device comprising 
a Support Substrate (silicon platform) constituted by a 
mounting portion for mounting a photoelectric conversion 
element (semiconductor laser chip) on one Surface thereof 
and a Silicon Substrate having a groove for guiding an optical 
fiber extending toward the mounting portion, a photoelectric 
conversion element Secured on the mounting portion and an 
optical fiber fitted in the groove at one end thereof and 
Secured on the Support Substrate at regions excluding the 
utmost end thereof, wherein the optical fiber fitted in the 
groove is Secured with a first bonding element injected to fill 
the groove under the optical fiber for preliminary Securing 
the optical fiber on the Support Substrate and a Second 
bonding element for finally Securing the optical fiber on the 
Support Substrate while covering a part of the optical fiber 
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and Support Substrate and wherein a protective element 
transparent to light transmitted by the optical fiber covers a 
region including the photoelectric conversion element on 
one Surface of the Support Substrate and one end of the 
optical fiber. The Second bonding element coverS all or a part 
of the region where the first bonding element exists. The first 
bonding element is constituted by an ultraViolet-setting 
adhesive, and the Second bonding element is constituted by 
thermosetting resin. The Support Substrate is Secured in a 
case made of plastic having a guide for guiding the optical 
fiber. The case is filled with the protective element to cover 
the Support Substrate, photoelectric conversion element, 
optical fiber and the like. The case is closed with a cap made 
of plastic and is Secured on the Support Substrate with an 
adhesive. The protective element is constituted by any of 
Silicone gel, Silicone rubber, low-StreSS epoxy resin, acrylic 
resin or urethane resin. For example, it is constituted by 
Silicone gel. With this configuration, bubbles in sizes equal 
to or greater than one half of the distance between the two 
points of the groove in contact with the circumferential 
Surface of the optical fiber are not present in the region 
defined by the optical fiber and groove and the region 
between one end face of the optical fiber and the Semicon 
ductor laser chip. 

This configuration is characterized by the preliminary 
Securing and final Securing referred to as “first Securing” and 
"Second Securing, respectively. In a certain limited aspect, 
it may be Stated that the optical fiber is Secured on the 
Support Substrate using first and Second Securing techniques 
(means) having different Securing Speeds and that the Secur 
ing Speed of the first Securing means is higher than that of 
the Second Securing means. 

Such a photoelectronic device is manufactured according 
to the following method. 
The method comprises the Steps of 
providing a Support Substrate having a photoelectric con 

Version element mounted thereon and having a groove 
for guiding an optical fiber extending toward the pho 
toelectric conversion element; 

applying an ultraViolet-Setting adhesive to a part of the 
groove on the Support Substrate, fitting one end of the 
optical fiber in the groove on the Support Substrate and 
adjusting optical coupling between the photoelectric 
conversion element and optical fiber with the groove 
under the optical fiber filled with the ultraviolet-setting 
adhesive; 

preliminary Securing the optical fiber on the Support 
Substrate by irradiating the ultraViolet-Setting adhesive 
with ultraviolet light to set it; and 

covering a part of the optical fiber and Support Substrate 
with thermosetting resin and Setting the thermosetting 
resin to finally Secure the optical fiber on the Support 
Substrate. 

Specifically, it is a method of manufacturing a photoelec 
tronic device comprising: 

a package constituted by a case made of plastic having a 
guide for guiding an optical fiber and a cap made of 
plastic for closing the case, attached to the case with an 
adhesive; 

a Support Substrate Secured in the case having a photo 
electric conversion element mounted on one Surface 
thereof and having a groove for guiding an optical fiber 
extending toward the photoelectric conversion element 
and an optical fiber guided by the guide into and out of 
the package, wherein one end of the optical fiber 
extending in the package is fitted in the groove on the 
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Support Substrate and is Secured on the Support Sub 
Strate through preliminary Securing with an ultraViolet 
Setting adhesive and final Securing with thermosetting 
resin. The method comprises the Steps of: 

applying the ultraViolet-Setting adhesive to a part of the 
groove on the Support Substrate, fitting one end of the 
optical fiber in the groove on the Support Substrate and 
adjusting optical coupling between the photoelectric 
conversion element and optical fiber with the groove 
under the optical fiber filled with the ultraviolet-setting 
adhesive; 

preliminary Securing the optical fiber on the Support 
Substrate by irradiating the ultraViolet-Setting adhesive 
with ultraviolet light to set it; 

covering a part of the optical fiber and Support Substrate 
with thermosetting resin and Setting the thermosetting 
resin to finally Secure the optical fiber on the Support 
Substrate; and 

filling the case with a protective element transparent to 
light transmitted by the optical fiber before mounting 
the case and Setting the same. The protective element is 
constituted by any of Silicone gel, Silicone rubber, 
low-StreSS epoxy resin, acrylic resin or urethane resin. 
For example, Silicon gel is used. Securing is carried 
out by determining positions for the preliminary Secur 
ing and/or final Securing Such that all or a part of the 
preliminary Securing portion is covered by the final 
Securing portion. The process of Setting the thermoset 
ting resin at the final Securing is performed as a batch 
proceSS. 

A Structure may be employed in which an optical fiber is 
Secured on a Support Substrate with only a first bonding 
element. Specifically, there may be provided a photoelec 
tronic device comprising a Support Substrate constituted by 
a mounting portion for mounting a photoelectric conversion 
element on one Surface thereof and a Support Substrate 
having a groove for guiding an optical fiber extending 
toward the mounting portion, a photoelectric conversion 
element Secured on the mounting portion and an optical fiber 
fitted in the groove and Secured on the Support Substrate at 
regions excluding the utmost end thereof, the device having 
a structure wherein the optical fiber fitted in the groove is 
secured with a first bonding element injected to fill the 
groove under the optical fiber for Securing the optical fiber 
on the Support Substrate and wherein a protective element 
transparent to light transmitted by the optical fiber covers a 
region including the photoelectric conversion element on 
one Surface of the Support Substrate and one end of the 
optical fiber. In this case, the first bonding element is 
constituted by an ultraViolet-Setting adhesive or thermoset 
ting resin. Thus, after the ultraViolet-Setting adhesive is 
applied to the groove on the Support Substrate, optical 
coupling between the photoelectric conversion element and 
optical fiber is adjusted with the groove under the optical 
fiber filled with the ultraviolet-setting resin. 

(2) In the configuration described in the aspect (1), the 
Support Substrate, photoelectric conversion element and the 
end of the optical fiber are covered by a package constituted 
by insulating resin formed by molding resin, and the pro 
tective element is provided in the package to block the path 
of moisture that enters the photoelectric conversion element 
from the outside of the package. 

According to the aspect (1), (a) while the package is 
formed by a case and a cap made of plastic, humidity 
resistance can be improved because the case is filled with 
Silicone gel. 

(b) When the optical fiber is fitted in the groove on the 
Silicon platform (Support Substrate), a space is defined by the 
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groove under the optical fiber. This space is filled with the 
ultraViolet-Setting adhesive. Therefore, the Silicone gel does 
not enter the region under the optical fiber associated with 
the preliminary Securing portion when the case is filled with 
the Silicone gel before Sealing with the cap, and no bubble 
is caused by the Setting and contraction of the Silicone gel. 
This makes it possible to prevent any reduction in the 
strength and reliability of the securing of the optical fiber 3 
attributable to bubbles and to prevent problems such as 
freezing of moisture trapped by bubbles. 

Specifically, even if moisture enters from the outside 
along the optical fiber, Since the gap between the optical 
fiber and groove at the preliminary Securing portion is filled 
with the ultraViolet-setting adhesive for preliminary 
Securing, the invasion of moisture is prevented at the pre 
liminary Securing portion, and there is no nucleus like a 
bubble in the silicone gel that can trap moisture. This 
prevents trapping of moisture to improve humidity resis 
tance and eliminates the possibility of freezing of moisture 
during use at a low temperature. 

In the structure in which the optical fiber is secured on the 
Support Substrate using only a first bonding element consti 
tuted by an ultraViolet-Setting adhesive or thermosetting 
resin, Since the groove under the optical fiber is filled with 
the first bonding element, the Silicone gel does not enter the 
groove region under the optical fiber, and this also prevents 
the generation of bubbles attributable to the setting and 
contraction of the Silicone gel. 

Further, only a Small amount of Silicone gel enters the 
groove under the end portion of the optical fiber because the 
end portion protruding from the region Secured using the 
first bonding element is as short as Several hundred um, and 
a region open to the atmosphere exists ahead the end of the 
optical fiber. Thus, the Silicone gel moves when it Sets and 
contracts, which Suppresses the generation of bubbles. This 
not only prevents the generation of bubbles in the Silicone 
gel at the end of the optical fiber and under the same to 
eliminate nuclei to trap moisture but also eliminates bubbles 
from the gap between the Semiconductor laser chip and 
optical fiber. This prevents eclipse of laser light attributable 
to bubbles to allow optical coupling of the optical fiber with 
high efficiency. 
Even if bubbles are generated in the Silicone gel in the 

groove under the optical fiber, such bubbles have small 
diameters. 

(c) After the adjustment of optical coupling, the optical 
fiber is preliminary Secured to the region of the groove on 
the Silicon platform with the ultraViolet-Setting adhesive and 
is thereafter Subjected to final Securing with the thermoset 
ting resin. This improves the reliability of optical coupling. 

(d) Since the thermosetting resin has high bonding 
Strength, the optical fiber is reliably Secured to the Silicon 
platform through the final Securing using the thermosetting 
resin, and the optical fiber is thus Secured with improved 
reliability. The optical fiber is secured at the preliminary 
Securing portion Such that the optical coupling between the 
optical fiber and the Semiconductor laser chip is not 
deteriorated, and the final Securing portion improves the 
Securing Strength of the optical fiber. 

(e) Since preliminary and final Securing is carried out as 
in (c) and (d) above, the optical fiber is Secured on the Silicon 
platform with high optical coupling and high reliability of 
coupling. 

(f) When the optical fiber is secured in the groove on the 
Silicon platform, the optical fiber is pressed against the 
Silicon platform after optical coupling between the Semicon 
ductor laser chip and optical fiber is adjusted, and the optical 
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fiber is preliminary Secured in Such a State by applying the 
ultraViolet-Setting adhesive and irradiating the ultraViolet 
setting adhesive with ultraviolet light to set it. This makes it 
possible to reduce the time required for the preliminary 
Securing to Several tens Seconds. 

(g) Since the preliminary Securing using the ultraViolet 
Setting adhesive provides high Securing reliability in a short 
term, the optical coupling between the optical fiber and 
Semiconductor laser chip is not deteriorated during the time 
interval before the Subsequent final Securing. Therefore, 
when the optical fiber is finally secured with the thermoset 
ting resin (epoxy resin) thereafter, the thermosetting process 
following the application of the thermosetting resin can be 
carried out on a batch proceSS basis. This makes it possible 
to improve the efficiency of the operation of Securing the 
optical fiber, thereby achieving a reduction in the manufac 
turing cost of the photoelectronic device. 

(h) The preliminary Securing using the ultraViolet-setting 
adhesive is carried out on a fiber inserting apparatus for 
aligning the optical axes of the Semiconductor laser chip and 
optical fiber. Since the time for the preliminary Securing of 
the optical fiber is reduced (to Several tens Seconds), the 
operating efficiency of the fiber inserting apparatus can be 
improved. 

(i) Since a fiber inserting apparatus is expensive, 
improved operating efficiency of a fiber inserting apparatus 
results in a reduction of the manufacturing of the photoelec 
tronic device. 

In the aspect (2) described above, there is the following 
effect in addition to the effects according to the aspect (1). 
In this aspect, it is possible to achieve high productivity and 
to reduce the manufacturing cost of a photoelectronic device 
because the package is formed by molding insulating resin. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

FIG. 1 is an enlarged Sectional view of the region of a 
Silicon platform in a photoelectronic device which is an 
embodiment (first embodiment) of the invention. 

FIG. 2 is a front view of the photoelectronic device of the 
first embodiment. 

FIG. 3 is a plan view of the photoelectronic device of the 
first embodiment. 

FIG. 4 an enlarged sectional view of the photoelectronic 
device of the first embodiment taken in the extending 
direction of an optical fiber. 

FIG. 5 is an enlarged sectional view of the photoelectronic 
device of the first embodiment taken in the direction per 
pendicular to the optical fiber. 

FIG. 6 is an enlarged plan view of the photoelectronic 
device of the first embodiment with the cap removed. 

FIG. 7 is an enlarged plan view of the region of the silicon 
platform in the photoelectronic device of the first embodi 
ment. 

FIG. 8 is an enlarged sectional view of the region of the 
silicon platform in the photoelectronic device of the first 
embodiment. 

FIGS. 9A, 9B and 9C are schematic sectional views 
showing a method or Securing an optical fiber on the Silicon 
platform during the manufacture of the photoelectronic 
device of the first embodiment. 

FIG. 10 is a schematic perspective view showing the 
application of an adhesive to a groove prior to the Securing 
of the optical fiber. 

FIG. 11 is a Schematic perspective view showing prelimi 
nary Securing of the optical fiber to the groove. 
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FIG. 12 is an enlarged Sectional view showing a State in 

which Silicone gel is injected in the case during the manu 
facture of the photoelectronic device of the first embodi 
ment. 

FIG. 13 is an enlarged plan view of the region of a silicon 
platform in a photoelectronic device which is another 
embodiment (second embodiment) of the invention. 

FIG. 14 is an enlarged sectional view of the region of the 
platform of the photoelectronic device of the Second 
embodiment. 

FIG. 15 is a schematic perspective view showing final 
Securing of an optical fiber in a groove on the Silicon 
platform. 

FIG. 16 is a schematic enlarged sectional view of the 
region of a Silicon platform in a photoelectronic device 
which is another embodiment (third embodiment) of the 
invention. 

FIG. 17 is a schematic enlarged sectional view of the 
region of a Silicon platform in a photoelectronic device 
which is another embodiment (fourth embodiment) of the 
invention. 

FIG. 18 is a schematic enlarged plan view of the region of 
the silicon platform in the photoelectronic device of the 
fourth embodiment. 

FIG. 19 is a schematic enlarged sectional view of the 
region of a Silicon platform in a photoelectronic device 
which is another embodiment (fifth embodiment) of the 
invention. 

FIG. 20 is a partially cut-away plan view of a photoelec 
tronic device which is another embodiment (sixth 
embodiment) of the invention. 

FIG. 21 is a sectional view of the photoelectronic device 
of the sixth embodiment. 

FIG. 22 is a plan view of a part of a lead frame showing 
the state of the photoelectronic device of the sixth embodi 
ment atone Step of manufacturing the Same. 

FIG. 23 is a partially cut-away plan view of a photoelec 
tronic device which is another embodiment (seventh 
embodiment) of the invention. 

FIG. 24 is a sectional view of the photoelectronic device 
of the seventh embodiment. 

FIG. 25 is a Schematic enlarged Sectional view showing 
generation of a bubble in a Space defined by an optical fiber 
and a groove during Securing of the optical fiber Studied by 
the inventor. 

FIGS. 26A and 26B show data obtained from an experi 
ment carried out by the inventor in the form of schematic 
views showing the distribution of bubbles generated at an 
early Stage of Setting of Silicone gel. 

FIGS. 27A and 27B show data obtained from an experi 
ment carried out by the inventor in the form of schematic 
views showing the distribution of bubbles generated in 
Silicone gel as a result of environmental tests Such as 
temperature cycles. 

FIG. 28 illustrates a phenomenon observed by the inven 
tor in the form of a Schematic Sectional view showing 
bubbles generated in Silicone gel in a groove under an 
optical fiber. 

FIG. 29 illustrates a phenomenon observed by the inven 
tor in the form of a Schematic Sectional view showing 
bubbles generated in Silicone gel in a groove under an 
optical fiber and in the gap between an end of the optical 
fiber and a Semiconductor laser chip. 

FIG. 30 illustrates a phenomenon observed by the inven 
tor in the form of a schematic plan view showing bubbles 
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generated in the gap between an end of an optical fiber and 
a Semiconductor laser chip. 

DESCRIPTIONS OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the invention will now be 
described in detail with reference to the drawings. Through 
out the drawings presented here to describe the preferred 
embodiments of the invention, parts having like functions 
are indicated by like reference numbers, and repeated 
description will be omitted for them. 
A first embodiment of the invention will now be 

described. 

FIGS. 1 through 12 are drawings related to a photoelec 
tronic device which is the first embodiment of the invention 
and a method of manufacturing the Same. 
As shown in FIGS. 2 and 3, a photoelectronic device 

(semiconductor optical module) 20 of the first embodiment 
comprises a plastic case 21 and a plastic cap 22 Secured on 
the case 22 which collectively form a package (sealing 
element)23 when viewed externally. The case 21 and cap 22 
are respectively comprised of rectangular main body por 
tions 21a and 22a and elongate guide portions 21b and 22b 
that protrude from the middle of ends of the main body 
portions 21a and 22a. 
An optical fiber cable 25 is guided by the guide portions 

21b and 22b to protrude from the ends of the guide portions 
21b and 22b. The region of the optical fiber 25 that protrudes 
from the guide portions 21b and 22b is secured with an 
ultraViolet-Setting adhesive 26. 
A plurality of leads 27 protrude from both sides of the 

case 21. In the present embodiment, the leads 27 are shaped 
in a dual inline configuration. The case 21 and cap 22 are 
made of insulating resin Such as epoxy resin. Specifically, 
the package 23 is constituted by a plastic package made of 
insulating resin. 

FIG. 6 is an enlarged plan view of the semiconductor 
optical module 20 with the cap 22 removed. FIG. 4 is an 
enlarged Sectional view of the Semiconductor optical module 
20 taken in the extending direction of the optical fiber. FIG. 
5 is an enlarged Sectional view of the Semiconductor optical 
module 20 taken in the direction perpendicular to the optical 
fiber. As shown in those figures, a base plate 30 is provided 
on the inner bottom of the case 21. The inner end of each 
lead 27 is located around the base plate 30. The base plate 
30 and leads 27 are incorporated in the case 21 when the case 
21 is molded. 

While the optical fiber cable 25 is guided by the guide 
portion 21b of the case 21, a silicon platform (Support 
Substrate made of Silicon Single crystals) 1 is Secured with a 
bonding material 29, e.g., Silver paste, on the base plate 30 
which is located on an imaginary line along which the 
optical fiber axis of the optical fiber cable 25 extends. 
The optical fiber cable 25 is covered by a jacket (fiber 

jacket) as a protective tube made of, for example, nylon. 
While the fiberjacket covers halfway the guide portion 21b 
of the case 21, the fiberjacket is peeled off at the end of this 
portion to expose an optical fiber 3 comprising a core and a 
clad. The region of the optical fiber 3 is fitted in a groove 2 
provided on the Silicon platform 1 So as to trail along it, In 
this Structure, a Semiconductor laser chip 7 as a photoelectric 
conversion element and a light-receiving element 
(photodiode).31 are Secured in Series on the Silicon platform 
1 that is located on an imaginary line extending from the 
SC. 
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Laser light emitted from a front emission Surface of the 

Semiconductor laser chip 7 is taken into the optical fiber at 
an end (one end) of the optical fiber 3, and the optical output 
Strength of laser light emitted from a rear emission Surface 
is monitored by the light-receiving element 31. 
As shown in FIG. 7, the semiconductor laser chip 7 and 

light-receiving element 31 are respectively Secured to 
mounting portions 32 and 33 constituted by a conductive 
metalized layer provided on a Surface of the Silicon platform 
1. Since both of the semiconductor laser chip 7 and light 
receiving element 31 have electrodes on upper and lower 
Surfaces thereof, the bonding Structure electrically connects 
the electrodes on the lower Surfaces to the mounting portions 
32 and 33, respectively. A part of the metalized layer 
continuous to the mounting portions 32 and 33 and the inner 
ends of predetermined leads 27 are connected by conductive 
wires 34. 

The electrodes on the upper Surfaces of the Semiconductor 
laser chip 7 and light-receiving element 31 are Secured to 
respective independent metalized layers through the con 
ductive wires 34, and a part of the metalized layerS is 
electrically connected to the inner ends of predetermined 
leads 27 through the wires 34. 
A discharge groove 35 is provided Such that it crosses the 

groove 2 provided on one Surface of the Silicon platform 1. 
While the optical fiber 3 extends beyond the discharge 
groove 35, it protrudes beyond the groove only a Small 
distance. For example, the protruding length is about 100 
lum. The diameter of the optical fiber 3 is, for example, about 
125 um. 
As shown in FIGS. 7 and 8, the optical fiber 3 is secured 

on the Silicon platform 1 in the vicinity of the discharge 
groove 35 using two types of adhesives at a preliminary 
Securing portion 40 and a final Securing portion 41. An 
ultraViolet-Setting adhesive 4 is used at the preliminary 
Securing portion 40, and thermosetting resin 5 is used at the 
final securing portion 41. FIGS. 4 through 6 show only the 
final securing portion 41 which will be described in detail 
with reference to other drawings. 
One of the features of the invention is that the ultraviolet 

Setting adhesive 4 that constitutes the preliminary Securing 
portion 40 is located below the optical fiber 3 (FIG. 7 shows 
the regions of the preliminary Securing portion 40 and final 
Securing portion 41 and does not clearly show the vertical 
positional relationship between them) and is filled in an 
enclosed region 9 defined by the groove 2 on the silicon 
platform 1 and the optical fiber 3 Such that no gap is 
produced. 
The final securing portion 41 is provided such that it 

covers the preliminary Securing portion 40 as a whole. 
However, the final Securing portion 41 is provided Such that 
it does not exceed the discharge groove 35 as a guide line to 
prevent it from invading the Space between the end of the 
optical fiber 3 and the semiconductor laser chip 7. The 
purpose of this is to prevent the final Securing portion 41 
from blocking the transmission and reception of light. 
At the preliminary Securing portion 40, the ultraViolet 

Setting adhesive 4 is used to perform Securing in a short 
period of time, and the thermosetting resin 5 is used at the 
final Securing portion 41 to improve Securing Strength. 
During the manufacture, Since the preliminary Securing 
precedes the final Securing and the case 21 can be moved 
even after the preliminary Securing, the thermosetting resin 
5 for the final Securing is set by a batch process after being 
applied. Thus, the case 21 is removed from the fiber insert 
ing apparatus in a short period of time to improve the 
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operating efficiency of the fiber inserting apparatus, and the 
batch process improves the operability during the Setting of 
the thermosetting resin. 

The optical fiber cable 25 and optical fiber 3 are secured 
to various parts using an ultraViolet-Setting adhesive, ther 
mosetting resin and the like. For example, the optical cable 
25 is secured to the guide portion 21b with thermosetting 
resin 45. When the optical fiber 3 is secured to the base plate 
30 or the like by means of Soldering, techniques are 
employed including provision of a metalized layer on the 
surface of the optical fiber 3. 

The case 21 is filled with silicone gel 6 which is trans 
parent to light transmitted through the optical fiber 3 and 
which serves as a protective body (protective film) resistant 
to humidity. The silicone gel 6 covers the base plate 30, 
Silicon platform 1, optical fiber 3, Semiconductor laser chip 
7, light-receiving element 31 and the like to improve humid 
ity resistance. The cap 22 is Secured to the case 21 using an 
adhesive. The adhesive is the thermosetting resin 45 for 
securing the optical fiber cable 25 to the guide portions 21b 
and 22b. The protective film 6 is not limited to silicone gel, 
and Silicone rubber, low-StreSS epoxy resin, acrylic resin or 
urethane resin may be used. 
A method of manufacturing a Semiconductor optical mod 

ule 20 will now be described. 
First, there is provided a plastic case 21 having a guide for 

guiding an optical fiber 3, a plastic cap 22 mounted So as to 
close the case 21, and a Silicon platform 1 having a Semi 
conductor laser chip 7 and a light-receiving element 31 
mounted on one Surface thereof and having a groove 2 for 
guiding the optical fiber 3 extending toward the Semicon 
ductor laser chip 7. The case 21 and cap 22 have Structures 
as described above. 
A metalized layer having a predetermined pattern is 

formed on one Surface of the Silicon platform 1, and a part 
of the same constitute mounting portions 32 and 33. The 
Semiconductor laser chip 7 and light-receiving element 31 
are secured to the mounting portions 32 and 33. Both of the 
Semiconductor laser chip 7 and light-receiving element 31 
have electrodes on upper and lower Surfaces, and the bond 
ing structure therefore electrically connects the electrodes on 
the lower surface to the mounting portions 32 and 33, 
respectively. A part of the mounting portions 32 and 33 
constitutes pads connected to ends of wires which are 
connected to inner ends of leads to be described later at other 
ends thereof. The electrodes on the upper Surfaces of the 
Semiconductor laser chip 7 and light-receiving element 31 
are Secured to respective independent metalized layers 
through conductive wires 34. The independent metalized 
layerS also have pads connected to ends of wires which are 
connected to inner ends of leads to be described later at other 
ends thereof. 
A discharge groove 35 is provided Such that it crosses the 

groove 2 provided on one Surface of the Silicon platform 1. 
The discharge groove 35 has the function of guiding an 
adhesive that flows into it when the optical fiber 3 is secured, 
to the outside, to prevent the adhesive from flowing toward 
the Semiconductor laser chip 7. 

Next, the silicon platform 1 is secured to a base plate 30 
in the case 21 using a bonding material 29, e.g., Silver paste. 

Then, the pad portions of the metalized layer and inner 
ends of leads 27 are connected with conductive wires 34 (see 
FIGS. 5 and 6). 

Next, an optical fiber cable 25 from which an optical fiber 
3 is exposed by removing a part of a jacket thereof a 
predetermined distance from the end thereof is inserted into 
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a guide portion 21b ; the Semiconductor laser chip 7 is 
operated to emit laser light which is taken into the optical 
fiber 3 from the end of the optical fiber 3; optical coupling 
is adjusted while detecting optical output; and thermosetting 
resin (e.g., epoxy resin) is applied to the guide portion 21b 
to bond them together after the adjustment of optical cou 
pling is completed. The adjustment of optical coupling is 
may be well-known passive alignment which involves no 
emission of laser light. 

Next, an ultraViolet-Setting adhesive is applied to a part of 
the groove 2 to perform preliminary Securing of the optical 
fiber 3. Specifically, as shown in FIGS. 9A and 10, an 
ultraViolet-Setting adhesive 4 is applied to the groove 2 of 
the silicon platform 1, and the optical fiber 3 is thereafter 
pressed against the ultraViolet-Setting adhesive 4, which 
consequently presses it against the bottom of the groove 2. 
As shown in FIG. 9B, such a press is achieved by 

applying a predetermined load to a pressing piece 50. For 
example, a load of 100 g is applied. The Semiconductor laser 
chip 7 is operated to emit laser light which is taken into the 
optical fiber 3 at the end thereof, and optical coupling is 
adjusted while detecting optical output. 
At this point, as shown in FIG. 9B, the adjustment of 

optical coupling is conducted in a State in which one end of 
the optical fiber 3 is fitted in the groove 2 on the silicon 
platform 1 and the groove 2 under the optical fiber is filled 
with the ultraviolet-setting adhesive 4. 

Next, the ultraviolet-setting adhesive 4 on both sides of 
the optical fiber 3 is irradiated with ultraviolet light using an 
ultraviolet light radiation fibers 51 and 52 to set the 
ultraViolet-Setting adhesive 4. The ultraViolet-setting adhe 
Sive 4 thus Set forms a preliminary Securing portion 40 and, 
as shown in FIG. 11, the optical fiber 3 becomes static and 
is Secured to the Silicon platform 1. Then, an ultraViolet 
Setting adhesive 26 is used to Secure the region where the 
guide portion 21b and optical fiber 3 contact each other and 
the region of the optical fiber cable 25 that protrudes from 
the guide portion 21b. 

Next, as shown in FIG. 9C, thermosetting resin 5 is 
applied such that it extends from above the optical fiber 3 
down to a Surface of the Silicon platform 1 and is Subjected 
to a thermosetting process to form a final Securing portion 41 
constituted by the thermosetting resin 5 (see FIGS. 7 and 8). 
The final Securing portion 41 has a structure to cover the 
preliminary Securing portion 40 completely, thereby rigidly 
Securing the optical fiber 3 on the Silicon platform 1. 
As shown in FIGS. 7 and 8, the optical fiber 3 is thus 

secured on the silicon platform 1 with the two types of 
adhesives at the preliminary Securing portion 40 and final 
Securing portion 41 in the vicinity of the discharge groove 
35. The preliminary securing portion 40 is constituted by the 
ultraViolet-Setting adhesive 4, and the final Securing portion 
41 is constituted by the thermosetting resin 5. FIGS. 4 
through 6 show only the final Securing portion 41. 

Next, as shown in FIG. 12, the case 21 is filled with 
Silicone gel 6 to cover the Silicon platform 1, optical fiber 3, 
Semiconductor laser chip (not shown) and light-receiving 
element (not shown). This is carried out in order to improve 
humidity resistance. In doing So, in the region Secured using 
the ultraViolet-Setting adhesive 4, the Silicone gel 6 does not 
enter the region of the groove 2 under the optical fiber 3 
because this region is filled with the ultraViolet-setting 
adhesive 4. 
The cap 22 is then bonded to the case 21 using an adhesive 

and is Secured to the case 21 by baking the adhesive. The 
case 21 and cap 22 are Secured together by filling the guide 
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portions 21b and 22b the case 21 and of the cap 22 with 
thermosetting resin 45 and by Setting the thermosetting resin 
45. 

The optical fiber 3 may be secured to a predetermined 
location using other bonding materials, although not 
described in detail. 

During the thermal process for Securing the cap 22 to the 
case 21, no bubble is generated in the Silicone gel 6 because 
the Silicone gel 6 is not present under the optical fiber 3 in 
the region Secured using the ultraViolet-Setting adhesive 4. 
When the optical fiber 3 is fitted in the groove 2 on the 

Silicon platform 1, a Space is defined by the groove 2 under 
the optical fiber 3, and this space is filled with the ultraviolet 
Setting adhesive 4 in the present embodiment. Therefore, the 
Silicone gel 6 does not enter the region under the optical fiber 
3 associated with the preliminary Securing portion when the 
case is filled with the silicone gel 6 before sealing with the 
cap and, therefore, no bubble is caused by the Setting and 
contraction of the Silicone gel 6. This makes it possible to 
prevent any reduction in the Strength and reliability of the 
securing of the optical fiber 3 attributable to bubbles and to 
prevent problems. Such as freezing of moisture trapped by 
bubbles. 

Specifically, even if moisture enterS along the optical fiber 
3, Since the gap between the optical fiber 3 and groove 2 at 
the preliminary Securing portion is filled with the ultraViolet 
Setting adhesive 4 for preliminary Securing, the invasion of 
moisture is prevented at the preliminary Securing portion, 
and there is no nucleus like a bubble in the Silicone gel that 
can trap moisture. This prevents trapping of moisture to 
improve humidity resistance and eliminates the possibility 
of freezing moisture during use at a low temperature. 

In a structure in which the optical fiber 3 is secured on the 
Support Substrate 1 using only a first bonding element 
constituted by an ultraViolet-Setting adhesive or thermoset 
ting resin, Since the groove 2 under the optical fiber 3 is filled 
with the first bonding element 1, the Silicone gel does not 
enter the groove region under the optical fiber, and this also 
prevents the generation of bubbles attributable to the setting 
and contraction of the Silicone gel. 

Further, only a Small amount of Silicone gel 6 enters the 
groove 2 under the end portion because the end portion of 
the optical fiber 3 protruding from the region Secured using 
the first bonding element is as short as Several hundred um, 
and a region open to the atmosphere (open space) exists 
ahead the end of the optical fiber 3. The silicone gel 6 moves 
when it Sets and contracts, which Suppresses the generation 
of bubbles. This not only prevents the generation of bubbles 
in the silicone gel at the end of the optical fiber 3 and under 
the same to eliminate nuclei to trap moisture but also 
eliminates bubbles from the gap between the Semiconductor 
laser chip 7 and optical fiber 3. This prevents eclipse of laser 
light attributable to bubbles to allow optical coupling of the 
optical fiber with high efficiency. 

According to the present manufacturing method, even if 
bubbles are generated in the Silicone gel in the groove under 
the optical fiber, such bubbles have small diameters. For 
example, there will be no bubble that is equal to or greater 
than one half of the distance between the two points of the 
groove in contact with the circumferential Surface of the 
optical fiber (the distance is represented by “X” in FIG. 1 
where X is about 102 um), and bubbles will be smaller than 
the half of the distance between the two points and will be 
unlikely to Serve as nuclei to trap moisture. Specifically, the 
inventor has found that even if the Silicon gel enters any 
cavity formed in the region of the ultraViolet-setting adhe 
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sive 4 in the groove under the optical fiber, any bubble 
generated in the Silicon gel has a diameter p equal to or 
Smaller than X when the Silicon gel has a diameter p equal 
to or Smaller than X (p<X/2) and is unlikely to act as a 
nucleus to trap moisture. That is, no nucleus to trap moisture 
is generated in the region of the ultraViolet-Setting adhesive 
4 in the groove under the optical fiber where neither bubbles 
nor Silicon gel having a diameter greater than one half of X 
exists in that region. 
The first embodiment provides the following effects. 
(1) The package 23 is formed by the case 21 and cap 22 

made of plastic, the case 21 is filled with the Silicone gel 6 
to cover and protect the Semiconductor laser chip 7, optical 
fiber 3, light-receiving element 31, silicon platform 1 and the 
like. This makes it possible to improve humidity resistance. 

(2) After the adjustment of optical coupling, the optical 
fiber 3 is preliminary Secured to the region of the groove 2 
on the silicon platform 1 with the ultraviolet-setting adhe 
Sive 4 and is thereafter Subjected to final Securing with the 
thermosetting resin 5, which improves the reliability of 
optical coupling. 

(3) Since the thermosetting resin 5 has high bonding 
strength, the optical fiber 3 is reliably secured to the silicon 
platform 1 through the final Securing using the thermosetting 
resin 5, and the optical fiber 3 is thus secured with improved 
reliability. At the preliminary Securing portion 40, the optical 
fiber is Secured So that the optical coupling between the 
optical fiber 3 and the semiconductor laser chip 7 is not 
deteriorated, and at the final Securing portion 41, the Strength 
of the securing of the optical fiber 3 is improved. 

(4) Since preliminary and final Securing is carried out as 
in (2) and (3) above, the optical fiber 3 is secured on the 
Silicon platform with high optical coupling and high reli 
ability of coupling. 

(5) When the optical fiber 3 is secured in the groove 2 on 
the Silicon platform 1, the optical fiber 3 is pressed against 
the Silicon platform 1 after optical coupling between the 
Semiconductor laser chip 7 and optical fiber 3 is adjusted, 
and the optical fiber 3 is preliminary Secured in Such a State 
by applying the ultraViolet-setting adhesive 4 and irradiating 
the ultraviolet-setting adhesive 4 with ultraviolet light to set 
it. This makes it possible to reduce the time required for the 
preliminary Securing to Several tens Seconds. 

(6) Since the preliminary Securing using the ultraviolet 
Setting adhesive 4 provides high Securing reliability in a 
Short term, the optical coupling between the optical fiber 3 
and Semiconductor laser chip 7 is not deteriorated during the 
time interval before the Subsequent final Securing. 
Therefore, when the optical fiber 3 is finally secured with the 
thermosetting resin 5 thereafter, the thermosetting proceSS 
following the application of the thermosetting resin 5 can be 
carried out on a batch proceSS basis. This makes it possible 
to improve the efficiency of the operation of Securing the 
optical fiber, thereby achieving a reduction in the manufac 
turing cost of the Semiconductor optical module 
(photoelectronic device) 20. 

(7) The preliminary Securing using the ultraViolet-setting 
adhesive 4 is carried out on a fiber inserting apparatus for 
aligning the optical axes of the Semiconductor laser chip 7 
and optical fiber 3. Since the time for the preliminary 
Securing of the optical fiber 3 is reduced to Several tens 
Seconds, the operating efficiency of the fiber inserting appa 
ratus can be improved. 

(8) Since a fiber inserting apparatus is expensive, 
improved operating efficiency of a fiber inserting apparatus 
results in a reduction of the manufacturing of the Semicon 
ductor optical module 20. 
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A second embodiment of the invention will now be 
described. 

FIGS. 13 through 15 illustrate a semiconductor optical 
module which is another embodiment (second embodiment) 
of the invention. FIG. 13 is a schematic plan view of the 
region of the silicon platform. FIG. 14 is a schematic 
sectional view of the region of the silicon platform. FIG. 15 
is a Schematic perspective view of an optical fiber Secured on 
the Silicon platform. 
The second embodiment is different from the first 

embodiment in that Securing is performed Such that the final 
Securing portion 41 covers a part of the preliminary Securing 
portion 40 and such that the final securing portion 41 is 
located at the Side of the preliminary Securing portion 40 
which is farther from the semiconductor laser chip 7 
(photoelectric conversion element). 

In Such a structure wherein Securing is performed Such 
that the final Securing portion 41 covers a part of the 
preliminary Securing portion 40 and Such that the final 
Securing portion 41 is located at the Side of the preliminary 
securing portion 40 which is farther from the semiconductor 
laser chip 7, even if the thermosetting resin 5 for the final 
Securing operation undesirably flows during the application 
of the same, it does not flow toward the Semiconductor laser 
chip 7 beyond the edge of the ultraviolet-setting adhesive 4 
forming the preliminary Securing portion 40. Thus, the light 
path will not be blocked, and the thermosetting resin 5 will 
not reduce light transmitted and received between the optical 
fiber 3 and semiconductor laser chip 7. 

The Second embodiment provides the same effects as 
those of the first embodiment. 
A third embodiment of the invention will now be 

described. 

FIG. 16 is a schematic enlarged sectional view of the 
region of the Silicon platform of a photoelectronic device 
which is another embodiment (third embodiment) of the 
invention, showing a region where the Semiconductor laser 
chip 7 and optical fiber 3 are optically coupled. 

In the present embodiment, a bubble generation prevent 
ing portion 60 is provided in the form of a receSS or groove 
extending acroSS the groove 2 in a region between one end 
of the optical fiber 3 secured with a first bonding element 
(ultraviolet-setting adhesive 4) and the photoelectric con 
version element (semiconductor laser chip) 7. The bubble 
generation preventing portion 60 has a length as large as 50 
aim or more in the direction of the groove 2 (the extending 
direction of the optical fiber 3) and defines an open region. 

The utmost end of one end of the optical fiber 3 is located 
above the bubble generation preventing portion 60. 
The utmost end face of an end of the insulated optical 

fiber 3 is close to an edge of the bubble generation prevent 
ing portion 60. For example, the end face of the optical fiber 
3 is located above the bubble generation preventing portion 
60 and protrudes from the edge of the bubble generation 
preventing portion 60 a distance of Several hundred um or 
leSS. 

Such a photoelectronic device is assembled using a 
method as described below. There is provided the support 
Substrate (Silicon platform 1) having the Semiconductor laser 
chip 7 mounted on one Surface thereof, the groove 2 for 
guiding the optical fiber 3 extending toward the Semicon 
ductor laser chip 7, and the bubble generation preventing 
portion 60 constituted by a receSS or groove extending 
acroSS the groove 2, provided in a region close to an end of 
the optical fiber 3 on a side of a Securing portion utilizing a 
bonding element (first bonding element) of the optical fiber 
3. 
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Next, optical coupling between the optical fiber 3 and 

Semiconductor laser chip 7 is adjusted, and the optical fiber 
3 is preliminary Secured to the groove 2 excluding the region 
of the bubble generation preventing portion 60 using the 
ultraViolet-Setting adhesive 4. 

The bubble generation preventing portion 60 is formed in 
advance in a position Such that the end face of the optical 
fiber 3 slightly protrudes above the bubble generation pre 
venting portion 60 when optical coupling has been achieved. 

According to the third embodiment of the invention, (1) 
since the bubble generation preventing portion 60 in the 
form of a receSS or groove extending acroSS the groove 2 is 
provided between the region of the optical fiber 3 secured 
with the first bonding element (ultraViolet-setting adhesive 
4) at an end thereof and the Semiconductor laser chip 7, the 
bubble generation preventing portion 60 which is an open 
region exists in the region of the groove 2 directly under the 
optical fiber 3 on both sides of the optical fiber 3. This results 
in movement of Silicone gel 6 in the groove 2 when it Sets 
and contracts and thereby prevents the generation of 
bubbles. 

(2) Since the utmost end of one end of the optical fiber 3 
is located above the bubble generation preventing portion 60 
and its utmost end face is as close as Several hundred um to 
an edge of the bubble generation preventing portion 60, no 
bubble is generated directly under the optical fiber 3 and at 
the end of the optical fiber. That is, the bubble generation 
preventing portion 60 Serves as an open region that allows 
movement of the Silicone gel 6 when the Silicone gel 6 Sets 
and contacts, to prevent the generation of bubbles. 
The present embodiment may have a configuration in 

which the end face of the optical fiber 3 is aligned with the 
edge of the bubble generation preventing portion 60. In this 
case, no bubble will be generated because the ultraViolet 
Setting adhesive 4 is present directly under the optical fiber 
3. 

According to the present embodiment, the effect of Sup 
pressing bubbles can be achieved with a structure in which 
the optical fiber 3 is secured on the silicon platform 1 with 
thermosetting resin filled in the groove 2, i.e., a Securing 
Structure utilizing one type of adhesive. 
A fourth embodiment of the invention will now be 

described. 
FIG. 17 is a schematic enlarged sectional view of the 

region of a Silicon platform of a photoelectronic device 
which is another embodiment (fourth embodiment) of the 
invention. FIG. 18 is a schematic enlarged plan view of the 
region of the Silicon platform. 

According to the present embodiment, one end of the 
optical fiber 3 extends beyond the bubble generation pre 
venting portion 60 and its utmost end is Supported by the 
groove 2. 

According to the present embodiment, Since one end of 
the optical fiber 3 extends beyond the bubble generation 
preventing portion 60 and its utmost end is Supported 
(guided) by the groove 2, the optical coupling factor 
between the optical fiber 3 and semiconductor laser chip 7 
is improved. 

Although Silicone gel 6 enters a region under the optical 
fiber 3, the generation of bubbles is unlikely to occur in the 
region because it has the bubble generation preventing 
portion 60 to Serve as an open region. This makes it possible 
to SuppreSS trapping of moisture and to prevent eclipse of 
laser light 11 attributable to bubbles. 

Since the bubble generation preventing portion 60 is a 
receSS and is not a groove whose ends are open at ends of 
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Silicon platform 1, the Silicone gel will not flow out. AS a 
result, the Silicon gel is likely to move into the region 
directly under the optical fiber 3 when the silicone gel sets 
and contracts, and this makes it possible to prevent the 
generation of bubbles. However, the bubble generation 
preventing portion 60 may be a groove as long as it has a 
great width to contain the Silicone gel in an amount Sufficient 
to prevent the generation of bubbles. 

According to the present embodiment, the effect of Sup 
pressing bubbles can be achieved with a structure in which 
the optical fiber 3 is secured on the silicon platform 1 with 
thermosetting resin filled in the groove 2, i.e., a Securing 
Structure utilizing one type of adhesive. 
A fifth embodiment of the invention will now be 

described. 

FIG. 19 is a schematic enlarged sectional view of the 
region of a Silicon platform of a photoelectronic device 
which is another embodiment (fifth embodiment) of the 
invention. 

The present embodiment is an example in which the 
bubble generation preventing portion 60 is provided in a 
wide range covering the Securing portion utilizing the 
ultraViolet-Setting adhesive 4 and the region where the 
Semiconductor laser chip 7 is mounted. It employs a struc 
ture in which the end of the optical fiber 3 is located above 
the bubble generation preventing portion 60. 

According to the present embodiment, Since the utmost 
end of one end of the optical fiber 3 is located above the 
bubble generation preventing portion 60, the bubble gen 
eration preventing portion 60 as an open region exists in the 
region the groove 2 directly under the optical fiber 3 on both 
sides of the optical fiber 3. This causes the Silicone gel to 
move when it Sets and contracts, thereby preventing the 
generation of bubbles. 
A sixth embodiment of the invention will now be 

described. 

FIGS. 20 through 22 illustrate a photoelectronic device 
which is another embodiment (sixth embodiment) of the 
invention. FIG. 20 is a partially cut away plan view of the 
photoelectronic device. FIG. 21 is a sectional view of the 
photoelectronic device. FIG. 22 is a plan view of a part of 
a lead frame showing the State of the photoelectronic device 
at one Step of manufacturing the same. 

In the present embodiment, a package 61 made of insu 
lating resin Such as epoxy resin formed by means of resin 
molding covers the Support Substrate (silicon platform) 1, 
semiconductor laser chip 7, the ends of the leads 27, wires 
34, one end of the optical fiber 3 and the like. 

The optical fiber 3 is coated with a jacket 62 which is 
generally made of nylon or the like to form an optical cable 
66. In the present embodiment, the jacket 62 is peeled off at 
one end of the optical cable 66 to expose the optical fiber 3 
(optical fiber core). The exposed optical fiber 3 and the end 
of the jacket 62 are positioned and Sealed in the package 62. 
The end of the jacket 62 is secured to a support portion 63 
which is a downward Step provided on the Silicon platform 
1 with an adhesive 64. 
The package 61 has a structure including a narrow optical 

fiber guide for guiding the region of the jacket 62. The 
package 61 is formed by means of transfer molding, 
although this is not limiting the invention. 
The silicon platform 1 used in the present embodiment is 

also in accordance with the above embodiments in the 
region of the optical connection between the Semiconductor 
laser chip 7 and optical fiber 3. Specifically, a silicon 
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platform 1 having the Structure according to the fourth 
embodiment shown in FIG. 17 is used here. 

As shown in FIGS. 20 and 21, in order to improve the 
reliability (humidity resistance) of the photoelectronic 
device, Silicon gel 6 coverS regions including the component 
mounting Surface of the Silicon platform 1, wires 34, the 
inner ends of the leads 27, and the inner end of the jacket 62. 
The Silicon platform 1 is Secured on a flat Support portion 

(tab) 70 provided between the ends of some of the leads 27. 
The package 61 has a structure in which the rear Side of the 
tab 70 is also sealed. 

Such a photoelectronic device is manufactured using a 
method as described below. 

Specifically, it is a method of manufacturing a photoelec 
tronic device comprising: 

a package 61 made of insulating resin; 
a Support portion 70 located in the package 61; 
a Support Substrate (silicon platform) 1 Secured to the 

Support portion 70 having a photoelectric conversion 
element mounted on one Surface thereof and having a 
groove 2 for guiding an optical fiber 3 extending 
toward the photoelectric conversion element 
(semiconductor laser chip 7); 

a photoelectric conversion element mounted on the Sup 
port Substratel; and 

an optical fiber 3 fitted in the groove 2 on the Support 
Substrate 1 to be guided thereby with one end thereof in 
a face-to-face relationship with the photoelectric con 
version element and the other end thereof located 
Outside the package and protected by a jacket 62, 
wherein one end of the optical fiber 3 extending in the 
package is fitted in the groove 2 on the support sub 
Strate 1 and is Secured on the Support Substrate 1 
through preliminary Securing with an ultraViolet-Setting 
adhesive and final Securing with thermosetting resin, 
the method comprising the Steps of 

providing the Support Substrate 1 on which a lead frame 
71 having the support portion 70 thereon and the 
photoelectric conversion element are Secured; 

Securing the Support Substrate 1 to the Support portion 70 
on the lead frame 71; 

applying the ultraViolet-Setting adhesive to a part of the 
groove 2 on the Support Substrate 1, fitting one end of 
the optical fiber 3 guided under the protection of the 
jacket 62 in the groove 2 on the Support Substrate 1 and 
adjusting optical coupling between the photoelectric 
conversion element and optical fiber 3 with the groove 
2 under the optical fiber 3 filled with the ultraviolet 
Setting adhesive; 

preliminary Securing the optical fiber 3 on the Support 
Substrate 1 by irradiating the ultraViolet-Setting adhe 
sive with ultraviolet light to set it; 

covering a part of the optical fiber 3 and Support Substrate 
1 with the thermosetting resin and Setting the thermo 
Setting resin to finally Secure the optical fiber 3 on the 
Support Substrate 1; 

connecting wiring on the Support Substrate 1 and leads 27 
on the lead frame with conductive wires 34 before or 
after Securing the optical fiber 3 on the Support Sub 
Strate 1; 

covering a region including the photoelectric conversion 
element, one end of the optical fiber 3, the wires 34 and 
the region of the leads connected to the wires with a 
protective element (silicone gel 6) transparent to light 
transmitted by the optical fiber 3; 
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molding a region including the jacket 62 halfway with 
insulating resin to form the package 61; 

cutting and removing an unnecessary part of the lead 
frame protruding from the package 61; and 

shaping the leads 27 protruding from the package 61 into 
a predetermined configuration. 

The photoelectronic device according to the Sixth embodi 
ment is manufactured using a lead frame 71 as shown in 
FIG. 21. The lead frame 71 is in the form of a strip, and a 
plurality of photoelectronic devices can be manufactured 
from one lead frame 71. Specifically lead patterns 72 for 
manufacturing photoelectronic devices are provided at con 
Stant intervals in the longitudinal direction of a lead frame 
71. FIG. 22 shows a single lead pattern 72. 

FIG.22 shows the formation of a package 61 by means of 
transfer molding. 

There are many possible operational procedures for 
manufacturing the photoelectronic device, for example, the 
Semiconductor laser chip 7, light-receiving element 31 and 
the like are Secured on the Silicon platform 1 with the groove 
2, bubble generation preventing portion 60, Support portion 
(not shown) and the like provided thereon, and the optical 
fiber 3 is thereafter secured on the silicon platform 1 using 
the techniques described in the above-described embodi 
mentS. 

The silicon platform 1 is then secured on the tab 70 of the 
lead frame 71. 

Next, the Silicone gel 6 is applied to a rectangular region 
including the inner ends of the leads 27 and is thereafter 
Subjected to a thermal process at a predetermined tempera 
ture to be Set. In the present embodiment, when the Silicon 
gel 6 Sets, no bubble is generated not only in the vicinity of 
the optical fiber 3 but also in other regions of the Silicone gel 
6 as described above. 

Next, the lead frame 71 is clamped by a molding die (not 
shown) of a transfer molding apparatus and is molded to 
form the package 61. FIG. 22 shows a Subrunner 77 and a 
gate portion 78 through which melted resin flows. 

After the molding, an unnecessary part of the lead frame 
is cut and removed although not shown, and the leads 27 
protruding from the package 61 are shaped. They are shaped 
into a dual inline configuration in the present embodiment. 

The present embodiment makes it possible to achieve 
high productivity and to reduce the manufacturing cost of a 
photoelectronic device because the package 61 is formed by 
molding insulating resin. 
A seventh embodiment of the invention will now be 

described. 
FIG. 23 is a partially cut-away plan view of a photoelec 

tronic device which is another embodiment (seventh 
embodiment) of the invention. FIG.24 is a sectional view of 
the photoelectronic device. 

The present embodiment has a structure in which an 
optical fiber 3 (optical fiber core) supported by a ferrule 81 
with a sleeve 80 is secured on the silicon platform 1. One 
end of the sleeve 80 protrudes from the package 60, and an 
optical connector is attached thereto. 

The optical connector is Secured to one end of the optical 
fiber. In the present embodiment, the package 61 is provided 
with a pair of latches 82 which elastically operate to lock the 
optical connector fitted to the sleeve 80. 

The present embodiment also makes it possible to achieve 
high productivity and to reduce the manufacturing cost of a 
photoelectonic device because the package 61 is formed by 
molding insulating resin. Further, the optical connector can 
be simply attached by a single action. 
While the present invention has been specifically 

described with reference to embodiments of the same, the 
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invention is not limited to the above-described embodiments 
and may obviously modified in various ways without depart 
ing from the principle behind the same. For example, a case 
and a cap made of materials other than plastic may be 
similarly used with the same effects as those of the above 
embodiments as long as a structure is employed in which the 
case is filled with Silicone gel. 
While the embodiments have referred to structures for 

optical coupling between an optical fiber fitted in a groove 
and a Semiconductor laser chip, the invention can be equally 
applied to Structures for optical coupling between an optical 
fiber fitted in a groove and another photoelectric conversion 
element Such as a light-receiving element (photodiode) or 
light-emitting diode with the same effects as those of the 
above-described embodiments. 
The invention can be equally applied at least to Structures 

in which an optical fiber is Secured in a groove Such as a 
V-shaped groove with an adhesive and in which the optical 
fiber and the like is covered with a Substance Such as Silicone 
gel that generates bubbles therein when it thermally Sets and 
COntractS. 

Typical aspects of the invention disclosed in the above 
embodiments can be briefly described as follows. 

(1) There is provided a photoelectronic device comprising 
a Support Substrate (silicon platform) constituted by a 
mounting portion for mounting a photoelectric conversion 
element (semiconductor laser chip) on one Surface thereof 
and a Silicon Substrate having a groove for guiding an optical 
fiber extending toward the mounting portion, a photoelectric 
conversion element Secured on the mounting portion and an 
optical fiber fitted in the groove at one end thereof and 
Secured on the Support Substrate at regions excluding the 
utmost end thereof, wherein the optical fiber fitted in the 
groove is Secured with a first bonding element injected to fill 
the groove under the optical fiber for preliminary Securing 
the optical fiber on the Support Substrate and a Second 
bonding element for finally Securing the optical fiber on the 
Support Substrate while covering a part of the optical fiber 
and Support Substrate and wherein a protective element 
transparent to light transmitted by the optical fiber covers a 
region including the photoelectric conversion element on 
one Surface of the Support Substrate and one end of the 
optical fiber. The Second bonding element coverS all or a part 
of the region where the first bonding element exists. The first 
bonding element is constituted by an ultraViolet-setting 
adhesive, and the Second bonding element is constituted by 
thermosetting resin. The Support Substrate is Secured in a 
case made of plastic having a guide for guiding the optical 
fiber. The case is filled with the protective element to cover 
the Support Substrate, photoelectric conversion element, 
optical fiber and the like. The case is closed with a cap made 
of plastic and is Secured on the Support Substrate with an 
adhesive. The protective element is constituted by any of 
Silicone gel, Silicone rubber, low-StreSS epoxy resin, acrylic 
resin and urethane resin. For example, it is constituted by 
Silicone gel. With this configuration, bubbles in sizes equal 
to or greater than one half of the distance between the two 
points of the groove in contact with the circumferential 
Surface of the optical fiber are not present in the region 
defined by the optical fiber and groove and the region 
between one end face of the optical fiber and the Semicon 
ductor laser chip. 

This configuration is characterized by the preliminary 
Securing and final Securing referred to as “first Securing” and 
"Second Securing, respectively. In a certain limited aspect, 
it may be Stated that the optical fiber is Secured on the 
Support Substrate using first and Second Securing techniques 
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(means) having different Securing Speeds and that the Secur 
ing Speed of the first Securing means is higher than that of 
the Second Securing means. 

Such a photoelectronic device is manufactured according 
to the following method. 

The method comprises the Steps of: 
providing a Support Substrate having a photoelectric con 

version element mounted thereon and having a groove 
for guiding an optical fiber extending toward the pho 
toelectric conversion element; 

applying an ultraViolet-Setting adhesive to a part of the 
groove on the Support Substrate, fitting one end of the 
optical fiber in the groove on the Support Substrate and 
adjusting optical coupling between the photoelectric 
conversion element and optical fiber with the groove 
under the optical fiber filled with the ultraviolet-setting 
adhesive; 

preliminary Securing the optical fiber on the Support 
Substrate by irradiating the ultraViolet-Setting adhesive 
with ultraviolet light to set it; and 

covering a part of the optical fiber and Support Substrate 
with thermosetting resin and Setting the thermosetting 
resin to finally Secure the optical fiber on the Support 
Substrate. 

Specifically, it is a method of manufacturing a photoelec 
tronic device comprising: 

a package constituted by a case made of plastic having a 
guide for guiding an optical fiber and a cap made of 
plastic for closing the case, attached to the case with an 
adhesive; 

a Support Substrate Secured in the case having a photo 
electric conversion element mounted on one Surface 
thereof and having a groove for guiding an optical fiber 
extending toward the photoelectric conversion element 
and an optical fiber guided by the guide into and out of 
the package, wherein one end of the optical fiber 
extending in the package is fitted in the groove on the 
Support Substrate and is Secured on the Support Sub 
Strate through preliminary Securing with an ultraViolet 
Setting adhesive and final Securing with thermosetting 
resin. The method comprises the Steps of: 

applying the ultraViolet-Setting adhesive to a part of the 
groove on the Support Substrate, fitting one end of the 
optical fiber in the groove on the Support Substrate and 
adjusting optical coupling between the photoelectric 
conversion element and optical fiber with the groove 
under the optical fiber filled with the ultraviolet-setting 
adhesive; 

preliminary Securing the optical fiber on the Support 
Substrate by irradiating the ultraViolet-Setting adhesive 
with ultraviolet light to set it; 

covering a part of the optical fiber and Support Substrate 
with thermosetting resin and Setting the thermosetting resin 
to finally Secure the optical fiber on the Support Substrate; 
and 

filling the case with a protective element transparent to 
light transmitted by the optical fiber before mounting 
the case, and Setting the Same. The protective element 
is constituted by any of Silicone gel, Silicone rubber, 
low-StreSS epoxy resin, acrylic resin or urethane resin. 
For example, Silicone gel is used. Securing is carried 
out by determining positions for the preliminary Secur 
ing and/or final Securing Such that all or a part of the 
preliminary Securing portion is covered by the final 
Securing portion. The process of Setting the thermoset 
ting resin at the final Securing is performed as a batch 
proceSS. 
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A structure may be employed in which an optical fiber is 

Secured on a Support Substrate with only a first bonding 
element. Specifically, there may be provided a photoelec 
tronic device comprising a Support Substrate constituted by 
a mounting portion for mounting a photoelectric conversion 
element on one Surface thereof and a Silicon Substrate having 
a groove for guiding an optical fiber extending toward the 
mounting portion, a photoelectric conversion element 
Secured on the mounting portion and an optical fiber fitted in 
the groove at one end thereof and Secured on the Support 
Substrate at regions excluding the utmost end thereof, the 
device having a structure wherein the optical fiber fitted in 
the groove is Secured with a first bonding element injected 
to fill the groove under the optical fiber for Securing the 
optical fiber on the Support Substrate and wherein a protec 
tive element transparent to light transmitted by the optical 
fiber covers a region including the photoelectric conversion 
element on one Surface of the Support Substrate and one end 
of the optical fiber. In this case, the first bonding element is 
constituted by an ultraViolet-Setting adhesive or thermoset 
ting resin. 

(2) In the configuration described in the aspect (1), the 
Support Substrate, photoelectric conversion element and one 
end of the optical fiber are covered by a package constituted 
by insulating resin formed by molding resin, and the pro 
tective element is provided in the package to block the path 
of moisture that enters the photoelectric conversion element 
from the outside of the package. 

Such a photoelectronic device is manufactured using the 
following method. 

It is a method for manufacturing a photoelectronic device 
comprising: 

a package made of insulating resin; 
a Support portion located in the package; 
a Support Substrate Secured to the Support portion having 

a photoelectric conversion element mounted on one 
Surface thereof and having a groove for guiding an 
optical fiber extending toward the photoelectric con 
Version element; 

a photoelectric conversion element mounted on the Sup 
port Substrate; and 

an optical fiber fitted in the groove on the Support Sub 
Strate and guided by a guide or a ferrule having a sleeve 
with one end thereof in a face-to-face relationship with 
the photoelectric conversion element and the other end 
thereof located outside the package and protected by a 
jacket, wherein one end of the optical fiber extending in 
the package is fitted in the groove on the Support 
Substrate and is Secured on the Support Substrate 
through preliminary Securing with an ultraViolet-Setting 
adhesive and final Securing with thermosetting resin, 
the method comprising the Steps of 

providing the Support Substrate on which a lead frame 
having the Support portion thereon and the photoelec 
tric conversion element are Secured; 

Securing the Support Substrate to the Support portion on 
the lead frame; 

applying the ultraViolet-Setting adhesive to a part of the 
groove on the Support Substrate, fitting one end of the 
optical fiber protected by the jacket and guided by a 
guide or a ferrule having a sleeve in the groove on the 
Support Substrate and adjusting optical coupling 
between the photoelectric conversion element and opti 
cal fiber with the groove under the optical fiber filled 
with the ultraViolet-Setting adhesive; 

preliminary Securing the optical fiber on the Support 
Substrate by irradiating the ultraViolet-Setting adhesive 
with ultraviolet light to set it; 
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covering a part of the optical fiber and Support Substrate 
with the thermosetting resin and Setting the thermoset 
ting resin to finally Secure the optical fiber on the 
Support Substrate; 

connecting wiring on the Support Substrate and leads on 
the lead frame with conductive wires before or after 
Securing the optical fiber on the Support Substrate; 

covering a region including the photoelectric conversion 
element, one end of the optical fiber, the wires and the 
region of the leads connected to the wires with a 
protective element transparent to light transmitted by 
the optical fiber; 

molding a region including the jacket or the sleeve 
halfway with insulating resin to form the package; and 

cutting and removing an unnecessary part of the lead 
frame protruding from the package. 

(3) In the configuration according to the aspect (1) or (2), 
Securing is performed Such that a part of the preliminary 
Securing portion is covered by the final Securing portion and 
Such that the final Securing portion is located at the Side of 
the preliminary Securing portion farther from the photoelec 
tric conversion element. 

(4) In the configuration according to any of the aspects (1) 
through (3), a bubble generation preventing portion is pro 
Vided in the form of a receSS or groove extending acroSS the 
groove in a region between one end of the optical fiber 
Secured with the first bonding element and the photoelectric 
conversion element. The length of the bubble generation 
preventing portion is 50 um or more in the direction of the 
grOOVe. 

The following method is used for such a photoelectronic 
device. There is provided a Support Substrate having a 
photoelectric conversion element mounted on One Surface 
thereof, a groove for guiding an optical fiber extending 
toward the photoelectric conversion element, and a bubble 
generation preventing portion constituted by a receSS or 
groove extending acroSS the groove, provided in a region 
close to an end of the optical fiber on a side of a Securing 
portion utilizing a bonding element. Thereafter, optical 
coupling between the optical fiber and photoelectric con 
version element is adjusted, and the optical fiber is prelimi 
nary Secured to the groove eXcluding the region of the 
bubble generation preventing portion using an ultraViolet 
Setting adhesive. 

(5) In the configuration according to the aspect (4), the 
utmost end of one end of the optical fiber is located above 
the bubble generation preventing portion. 

(6) In the configuration according to the aspect (5), the 
utmost end face of one end of the optical fiber is as close as 
Several hundred um to an edge of the bubble generation 
preventing portion. 

(7) In the configuration according to the aspect (4), one 
end of the optical fiber extends beyond the bubble genera 
tion preventing portion and its utmost end is Supported by 
the groove. 

According to the aspect (1), (a) while the package is 
formed by a case and a cap made of plastic, humidity 
resistance can be improved because the case is filled with 
Silicone gel. 

(b) When the optical fiber is fitted in the groove on the 
Silicon platform (Support Substrate), a space is defined by the 
groove under the optical fiber. This space is filled with the 
ultraViolet-Setting adhesive in the present embodiment. 
Therefore, the Silicone gel does not enter the region under 
the optical fiber associated with the preliminary Securing 
portion when the case is filled with the silicone gel before 
Sealing with the cap, and no bubble is caused by the Setting 
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and contraction of the Silicone gel. This makes it possible to 
prevent any reduction in the Strength and reliability of the 
securing of the optical fiber 3 attributable to bubbles and to 
prevent problems. Such as freezing of moisture trapped by 
bubbles. 

Specifically, even if moisture enters from the outside 
along the optical fiber, Since the gap between the optical 
fiber and groove at the preliminary Securing portion is filled 
with the ultraViolet-setting adhesive for preliminary 
Securing, the invasion of moisture is prevented at the pre 
liminary Securing portion, and there is no nucleus like a 
bubble in the silicone gel that can trap moisture. This 
prevents trapping of moisture to improve humidity resis 
tance and eliminates the possibility of freezing of moisture 
during use at a low temperature. 

In the structure in which the optical fiber is secured on the 
Support Substrate using only a first bonding element consti 
tuted by an ultraViolet-Setting adhesive or thermosetting 
resin, Since the groove under the optical fiber is filled with 
the first bonding element, the Silicone gel does not enter the 
groove region under the optical fiber, and this also prevents 
the generation of bubbles attributable to the setting and 
contraction of the Silicone gel. 

Further, only a Small amount of Silicone gel enters the 
groove under the end portion of the optical fiber because the 
end portion protruding from the region Secured using the 
first bonding element is as short as Several hundred im, and 
a region open to the atmosphere exists ahead the end of the 
optical fiber. Thus, the Silicone gel moves when it Sets and 
contracts, which Suppresses the generation of bubbles. This 
not only prevents the generation of bubbles in the Silicone 
gel at the end of the optical fiber and under the same to 
eliminate nuclei to trap moisture but also eliminates bubbles 
from the gap between the Semiconductor laser chip and 
optical fiber. This prevents eclipse of laser light attributable 
to bubbles to allow optical coupling of the optical fiber with 
high efficiency. 
Even if bubbles are generated in the Silicone gel in the 

groove under the optical fiber, such bubbles have small 
diameters. 

(c) After the adjustment of optical coupling, the optical 
fiber is preliminary Secured to the region of the groove on 
the Silicon platform with the ultraViolet-Setting adhesive and 
is thereafter Subjected to final Securing with the thermoset 
ting resin. This improves the reliability of optical coupling. 

(d) Since the thermosetting resin has high bonding 
Strength, the optical fiber is reliably Secured to the Silicon 
platform through the final Securing using the thermosetting 
resin, and the optical fiber is thus Secured with improved 
reliability. The optical fiber is secured at the preliminary 
Securing portion Such that the optical coupling between the 
optical fiber and the Semiconductor laser chip is not 
deteriorated, and the final Securing portion improves the 
Securing Strength of the optical fiber. 

(e) Since preliminary and final Securing is carried out as 
in (c) and (d) above, the optical fiber is Secured on the Silicon 
platform with high optical coupling and high reliability of 
coupling. 

(f) When the optical fiber is secured in the groove on the 
Silicon platform, the optical fiber is pressed against the 
Silicon platform after optical coupling between the Semicon 
ductor laser chip and optical fiber is adjusted, and the optical 
fiber is preliminary Secured in Such a State by applying the 
ultraViolet-Setting adhesive and irradiating the ultraViolet 
setting adhesive with ultraviolet light to set it. This makes it 
possible to reduce the time required for the preliminary 
Securing to Several tens Seconds. 
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(g) Since the preliminary Securing using the ultraViolet 
Setting adhesive provides high Securing reliability in a short 
term, the optical coupling between the optical fiber and 
Semiconductor laser chip is not deteriorated during the time 
interval before the Subsequent final Securing. Therefore, 
when the optical fiber is finally secured with the thermoset 
ting resin (epoxy resin) thereafter, the thermosetting process 
following the application of the thermosetting resin can be 
carried out on a batch proceSS basis. This makes it possible 
to improve the efficiency of the operation of Securing the 
optical fiber, thereby achieving a reduction in the manufac 
turing cost of the photoeelctronic device. 

(h) The preliminary Securing using the ultraViolet-setting 
adhesive is carried out on a fiber inserting apparatus for 
aligning the optical axes of the Semiconductor laser chip and 
optical fiber. Since the time for the preliminary Securing of 
the optical fiber is reduced (to Several tens Seconds), the 
operating efficiency of the fiber inserting apparatus can be 
improved. 

(i) Since a fiber inserting apparatus is expensive, 
improved operating efficiency of a fiber inserting apparatus 
results in a reduction of the manufacturing cost of the 
photoelectronic device. 

In the aspect (2) described above, there is the following 
effect in addition to the effects according to the aspect (1). 
In this aspect, it is possible to achieve high productivity and 
to reduce the manufacturing cost of a photoelectronic device 
because the package is formed by molding insulating resin. 

In the aspect (3) described above, there is the following 
effect in addition to the effects according to the aspects (1) 
and (2). In this aspect, Since Securing is performed Such that 
the final Securing portion covers a part of the preliminary 
Securing portion and Such that the final Securing portion is 
located at the side of the preliminary Securing portion which 
is farther from the photoelectric conversion element, even if 
the thermosetting resin for the final Securing operation 
undesirably flows during the application of the Same, it does 
not flow toward the photoelectric conversion element 
beyond the edge of the ultraViolet-Setting adhesive. Thus, 
the thermosetting resin will not reduce light transmitted and 
received between the optical fiber and photoelectric conver 
Sion element. 

In the aspect (4) described above, since the bubble gen 
eration preventing portion in the form of a receSS or groove 
extending acroSS the groove is provided between the region 
of the optical fiber unsecured with the first bonding element 
at one end thereof and the photoelectric conversion element, 
the bubble generation preventing portion which is an open 
region exists in the region of the groove directly under the 
optical fiber on both sides of the optical fiber. This results in 
movement of Silicone gel in the groove when it sets and 
contracts and thereby prevents the generation of bubbles. 

In the aspect (5) described above, since the utmost end of 
one end of the optical fiber is located above the bubble 
generation preventing portion, the bubble generation pre 
venting portion which is an open region exists in the region 
of the groove directly under the optical fiber on both sides 
of the optical fiber. This results in movement of silicone gel 
in the groove when it sets and contracts and thereby prevents 
the generation of bubbles. 

In the aspect (6) described above, Since the utmost end of 
one end of the optical fiber is located above the bubble 
generation preventing portion and is aligned with or as close 
as Several hundred am to an edge of the bubble generation 
preventing portion, no bubble is generated directly under the 
optical fiber and at the end of the optical fiber. 

In the aspect (7) described above, since one end of the 
optical fiber extends beyond the bubble generation prevent 
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ing portion and its utmost end is Supported by the groove, the 
optical coupling factor between the optical fiber and Semi 
conductor laser chip is improved. 
The effects achieved in typical aspects of the invention 

disclosed here can be briefly summarized as follows. 
(1) Since the package is formed by a case and a cap which 

are both made of inexpensive plastic, the manufacturing cost 
of Semiconductor optical module (photoelectronic device) 
can be reduced. 

(2) Although the package is made of plastic, the case is 
filled with Silicone gel to cover and protect the Semiconduc 
tor laser chip, optical fiber, light-receiving element, Silicon 
platform and the like. It is therefore possible to improve 
humidity resistance. 

(3) Although a space is defined by the groove on the 
silicon platform under the optical fiber when the optical fiber 
is fitted in the groove, this space is filled by the ultraviolet 
Setting adhesive forming the preliminary Securing portion. 
Therefore, Silicone gel does not enter the region under the 
optical fiber associated with the preliminary Securing portion 
when the case is filled with the Silicone gel before Sealing 
with the cap and, therefore, no bubble is generated in 
Silicone gel. This makes it possible to prevent any reduction 
in the Strength and reliability of the Securing of the optical 
fiber attributable to bubbles and to prevent problems such as 
reduction of humidity resistance attributable to bubbles and 
freezing of moisture trapped by bubbles. 

(4) After the adjustment of optical coupling, the optical 
fiber is preliminary Secured to the region of the groove on 
the Silicon platform with an ultraViolet-Setting adhesive and 
is thereafter Subjected to final Securing with thermosetting 
resin, which improves the reliability of optical coupling. 

(5) The optical fiber is secured using a fiber inserting 
apparatus while adjusting optical coupling. Once the pre 
liminary Securing with an ultraViolet-Setting adhesive is 
completed, the Silicon platform may thereafter be removed 
from the fiber inserting apparatus to allow the final Securing 
with thermosetting resin to be carried out in a different 
location. This makes it possible to improve the operating 
efficiency of a fiber inserting apparatus. 

(6) The baking process that follows the final securing with 
thermosetting resin can be carried out on a batch process 
basis after the application of the thermosetting resin because 
preliminary Securing is completed. This improves operabil 
ity and consequently reduces the manufacturing cost of a 
photoelectronic device. 

(7) With a structure in which the package is formed by 
molding insulating resin, productivity of the package can be 
improved to allow a reduction in the manufacturing cost of 
a photoelectronic device. 
What is claimed is: 
1. A photoelectronic device comprising: 
a Support Substrate constituted by a mounting portion for 

mounting a photoelectric conversion element on one 
Surface thereof, Said Support Substrate having a groove 
for guiding an optical fiber extending toward Said 
mounting portion; 

Said photoelectric conversion element Secured on Said 
mounting portion; and 

Said optical fiber fitted in Said groove at one end thereof 
and Secured on Said Support Substrate at a region 
excluding the utmost end thereof, wherein the optical 
fiber fitted in Said groove is Secured with a first bonding 
element injected to fill the groove under the optical 
fiber for Securing Said optical fiber on Said Support 
Substrate, a package encapsulating Said Support 
Substrate, Said photoelectric conversion element and 
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one end of Said optical fiber, and a protective element 
transparent to light transmitted by Said optical fiber 
covering a region including Said photoelectric conver 
Sion element on one Surface of Said Support Substrate 
and one end of the optical fiber in Said package. 

2. A photoelectronic device according to claim 1, wherein 
Said Support Substrate is a Silicon Substrate, and Said pho 
toelectric conversion element is a Semiconductor laser chip. 

3. A photoelectronic device according to claim 1, wherein 
Said package comprises a case and a cap which are made of 
plastic, respectively: 

Said Support Substrate is Secured with an adhesive in Said 
case having a guide for guiding Said optical fiber; 

Said case is filled with Said protective element to cover 
Said Support Substrate, Said photoelectric conversion 
element, and one end of the optical fiber; and 

Said case is closed with Said cap. 
4. A photoelectronic device according to claim 1, wherein 
Said package is constituted by an insulating resin, and Said 

protective element is provided in Said package to block 
the path of moisture that enterS Said photoelectric 
conversion element from the outside of the package. 

5. A photoelectronic device according to claim 1, wherein 
Said first bonding element is constituted by an ultraViolet 
Setting adhesive or thermosetting resin. 

6. A photoelectronic device according to claim 1, wherein 
Said protective element is constituted by any of Silicone gel, 
Silicone rubber, low-StreSS epoxy resin, acrylic resin or 
urethane resin. 

7. A photoelectronic device comprising: 
a Support Substrate constituted by a mounting portion for 
mounting a photoelectric conversion element on one 
Surface thereof, Said Support Substrate having a groove 
for guiding an optical fiber extending toward Said 
mounting portion; 

Said photoelectric conversion element Secured on Said 
mounting portion; and 

Said optical fiber fitted in Said groove at one end thereof 
and Secured on Said Support Substrate at a region 
excluding the utmost end thereof, wherein the optical 
fiber fitted in Said groove is Secured with a first bonding 
element injected to fill the groove under the optical 
fiber for Securing Said optical fiber on Said Support 
Substrate, a package encapsulating Said Support 
Substrate, Said photoelectric conversion element and 
one end of Said optical fiber, and a protective element 
transparent to light transmitted by Said optical fiber 
covering a region including Said photoelectric conver 
Sion element on one Surface of Said Support Substrate 
and one end of the optical fiber in Said package, 
wherein 

a bubble generation preventing portion is provided in the 
form of a receSS or groove extending acroSS Said groove 
in a region between one end of Said optical fiber 
Secured with Said first bonding element and Said pho 
toelectric conversion element. 

8. A photoelectronic device according to claim 7, wherein 
the utmost end of one end of Said optical fiber is located 
above Said bubble preventing portion. 

9. A photoelectronic device according to claim 8, wherein 
the utmost end face of one end of Said optical fiber is aligned 
with or as close as Several hundred um or less to an edge of 
Said bubble generation preventing portion. 

10. A photoelectronic device according to claim 7, 
wherein one end of Said optical fiber extends beyond Said 
bubble generation preventing portion and its utmost end is 
Supported by Said groove. 
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11. A photoelectronic device according to claim 7, 

wherein the length of Said bubble generation preventing 
portion is one hundred and Several tens um or more in the 
direction of Said groove. 

12. A photoelectronic device comprising: 
a Support Substrate constituted by a mounting portion for 

mounting a photoelectric conversion element on one 
Surface thereof, Said Support Substrate having a groove 
for guiding an optical fiber extending toward Said 
mounting portion; 

Said photoelectric conversion element Secured on Said 
mounting portion; and 

Said optical fiber fitted in Said groove at one end thereof 
and Secured on Said Support Substrate at a region 
excluding the utmost end thereof, wherein the optical 
fiber fitted in Said groove is Secured with a first bonding 
element injected to fill the groove under the optical 
fiber for preliminary Securing Said optical fiber on Said 
Support Substrate and a Second bonding element for 
finally Securing the optical fiber on the Support Sub 
Strate while covering a part of Said optical fiber and Said 
Support Substrate, a package encapsulating Said Support 
Substrate, Said photoelectric conversion element and 
one end of Said optical fiber, and a protective element 
transparent to light transmitted by Said optical fiber 
covering a region including Said photoelectric conver 
Sion element on one Surface of Said Support Substrate 
and one end of the optical fiber in Said package. 

13. A photoelectronic device according to claim 12, 
wherein Said Second bonding element coverS all or a part of 
the region where said first bonding element is present. 

14. A photoelectronic device according to claim 13, 
wherein said first bonding element is constituted by an 
ultraViolet-Setting adhesive, and Said Second bonding ele 
ment is constituted by thermosetting resin. 

15. A photoelectronic device comprising: a Support Sub 
Strate constituted by a mounting portion for mounting a 
photoelectric conversion element on one Surface thereof, 
Said Support Substrate having a groove for guiding an optical 
fiber extending toward Said mounting portion, 

Said photoelectric conversion element Secured on Said 
mounting portion; and 

Said optical fiber fitted in Said groove at one end thereof 
and Secured on Said Support Substrate at a region 
excluding the utmost end thereof, wherein Said Support 
Substrate, Said photoelectric conversion element and 
one end of Said optical fiber are covered by a package 
made of insulating resin; in Said package, the optical 
fiber fitted in Said groove is Secured with a first bonding 
element injected to fill the groove under the optical 
fiber for Securing Said optical fiber on Said Support 
Substrate; and a protective element transparent to light 
transmitted by Said optical fiber and resistant to humid 
ity covering a region including Said photoelectric con 
Version element on one Surface of Said Support Sub 
Strate and one end of the optical fiber in Said package. 

16. A photoelectronic device comprising: 
a Support Substrate constituted by a mounting portion for 

mounting a photoelectric conversion element on one 
Surface thereof Said Support Substrate having a groove 
for guiding an optical fiber extending toward Said 
mounting portion; 

Said photoelectric conversion element Secured on Said 
mounting portion; and 

Said optical fiber fitted in Said groove at one end thereof 
and Secured on Said Support Substrate at a region 
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excluding the utmost end thereof, wherein Said Support 
Substrate, Said photoelectric conversion element and 
one end of Said optical fiber are covered by a package 
made of insulating resin; in Said package, the optical 
fiber fitted in Said groove is Secured with a first bonding 
element injected to fill the groove under the optical 
fiber for Securing Said optical fiber on Said Support 
Substrate; a protective element transparent to light 
transmitted by Said optical fiber and resistant to humid 
ity covers a region including Said photoelectric con 
version element on one Surface of Said Support Sub 
Strate and one end of the optical fiber in Said package; 
and bubbles having diameters equal to or greater than 
one half of the distance between the two points of said 
groove in contact with the circumferential Surface of 
Said optical fiber are not present in the region defined 
by said optical fiber and said groove and filled with said 
first bonding element. 

17. A photoelectric device comprising: 
a Support Substrate having a main Surface which includes 

a mounting portion and a groove portion; 
a photoelectric conversion element Secured on Said 
mounting portion of the Support Substrate; 

an optical fiber optically coupled to Said photoelectric 
conversion element, Said optical fiber having an utmost 
end portion facing Said photoelectric conversion 
element, one end portion extending from Said utmost 
end portion and another portion extending from Said 
one end portion; 

a package comprising a case member and a cap member 
which are provided with a main hollow space for 
housing Said Support Substrate, Said photoelectric con 
version element, said utmost end portion and said one 
end portion of the optical fiber therein, and which are 
provided with a guide hollow Space for housing Said 
another portion of Said optical fiber extending from Said 
one end portion thereof to the outside of Said package; 

Said Support Substrate Secured on Said case member in 
Said main hollow Space for Said main Surface thereof to 
face Said main hollow Space; 

said one end portion of the optical fiber fitted in said 
groove of the Support Substrate and Secured with a first 
adhesive material at Said groove, Said first adhesive 
material being provided in Said groove So as to fill a 
portion of Said groove under Said optical fiber for 
Securing the optical fiber with Said first adhesive 
material, 

Said another portion of the optical fiber fitted in Said guide 
hollow Space and Secured with a Second adhesive 
material to Said package; and 

a protective coating material, transparent to light trans 
mitted by Said optical fiber, provided in Said main 
hollow Space, Said protective coating material being 
formed over Said photoelectric conversion element and 
over Said portion of the groove under which Said optical 
fiber is secured with said first adhesive material. 

18. A photoelectric device according to claim 17, wherein 
a third adhesive material coverS Said one end portion of 

the optical fiber which is Secured in Said groove with 
Said first adhesive material. 

19. A photoelectric device according to claim 17, wherein 
Said protective coating material is Silicone gel. 
20. A photoelectric device according to claim 17, wherein 

Said package is made of plastic. 
21. A method for manufacturing a photoelectronic device, 

comprising the Steps of: 
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providing a Support Substrate having a photoelectric con 

Version element mounted on one Surface thereof a 
groove for guiding an optical fiber extending toward 
Said photoelectric conversion element, and a bubble 
generation preventing portion in the form of a receSS or 
a groove acroSS Said groove provided closer to one end 
of the optical fiber than a region of Said optical fiber to 
be Secured with a bonding element; 

applying an ultraViolet-Setting adhesive to a part of the 
groove on Said Support Substrate, fitting one end of the 
optical fiber in the groove on the Support Substrate and 
adjusting optical coupling between Said photoelectric 
conversion element and optical fiber with the groove 
under the optical fiber filled with said ultraviolet-setting 
adhesive; and 

Securing Said optical fiber to Said part of the groove on 
Said Support Substrate excluding Said bubble generation 
preventing protion by irradiating Said ultraViolet 
Setting adhesive with ultraViolet light to Set Said 
ultraViolet-Setting adhesive: 

covering a region including Said photoelectric conversion 
element and one end of Said optical fiber, with a 
protective element transparent to light transmitted by 
Said optical fiber. 

22. A method for manufacturing a photoelectronic device, 
comprising the Steps of: 

providing a Support Substrate having a photoelectric con 
Version element mounted on one Surface thereof and 
having a groove for guiding an optical fiber extending 
toward Said photoelectric conversion element; 

applying an ultraViolet-Setting adhesive to a part of the 
groove on Said Support Substrate, fitting one end of the 
optical fiber in the groove on the Support Substrate and 
adjusting optical coupling between Said photoelectric 
conversion element and optical fiber with the groove 
under the optical fiber filled with said ultraviolet-setting 
adhesive; 

Securing Said optical fiber on Said Support Substrate by 
irradiating Said ultraViolet-Setting adhesive with ultra 
Violet light to Set Said ultraViolet-setting adhesive, 

covering a region including Said photoelectric conversion 
element and one end of Said optical fiber, with a 
protective element transparent to light transmitted by 
said optical fiber, wherein bubbles having diameters 
equal to or greater than one half of the distance between 
the two points of Said groove in contact with the 
circumferential Surface of Said optical fiber are not 
present in the region defined by Said optical fiber and 
Said groove and filled with Said ultraViolet-Setting adhe 
Sive. 

23. A method for manufacturing a photoelectronic device 
comprising the Steps of: 

providing a Supports Substrate having a photoelectric 
conversion element mounted on one Surface thereof 
and having a groove for guiding an optical fiber extend 
ing toward Said photoelectric conversion element; 

applying an ultraViolet-Setting adhesive to a part of the 
groove on Said Support Substrate, fitting one end of the 
optical fiber in the groove on the Support Substrate and 
adjusting optical coupling between Said photoelectric 
conversion element and optical fiber with the groove 
under the optical fiber filled with said ultraviolet-setting 
adhesive; 

Securing Said optical fiber on Said Support Substrate by 
irradiating Said ultraViolet-Setting adhesive with ultra 
Violet light to Set Said ultraViolet-Setting adhesive; and 
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covering a region including Said photoelectric conversion 
element and one end of Said optical fiber, with a 
protective element transparent to light transmitted by 
Said optical fiber. 

24. A method for manufacturing a photoelectronic device 
according to claim 23, comprising the Step of covering a part 
of Said optical fiber and Said Support Substrate with thermo 
Setting resin and Setting the thermosetting resin to Secure the 
optical fiber on the Support Substrate, before Said Step of 
covering a region including Said photoelectric conversion 
element and one end of Said optical fiber, with a protective 
element transparent to light transmitted by Said optical fiber. 

25. A method for manufacturing a photoelectronic device 
according to claim 24, wherein Securing is carried out by 
determining positions for preliminary Securing and/or final 
Securing Such that all or a part of the portion Secured with 
Said ultraViolet-Setting adhesive is covered by the portion 
Secured with Said thermosetting resin. 

26. A method for manufacturing a photoelectronic device 
according to claim 24, wherein Securing is carried out Such 
that a part of the portion Secured with Said ultraViolet-setting 
adhesive is covered by the portion secured with said ther 
mosetting resin and Such that the portion Secured with the 
thermosetting resin is located on the Side of the portion 
Secured with Said ultraViolet-Setting adhesive farther from 
Said photoelectric conversion element. 

27. A method for manufacturing a photoelectronic device 
according to claim 24, wherein the process of Setting Said 
thermosetting resin is performed on a batch process basis. 

28. A method for manufacturing a photoelectronic device 
comprising: 

a package constituted by a case made of plastic having a 
guide for guiding an optical fiber and a cap made of 
plastic for closing Said case, attached to the case with 
an adhesive; 

a Support Substrate Secured in Said case having a photo 
electric conversion element mounted on one Surface 
thereof and having a groove for guiding Said optical 
fiber extending toward Said photoelectric conversion 
element, Said optical fiber being guided by Said guide 
into and out of the package, wherein one end of the 
optical fiber extending in Said package is fitted in the 
groove on Said Support Substrate and is Secured on the 
Support Substrate through Securing with an ultraViolet 
Setting adhesive and Securing with thermosetting resin, 
the method comprising the Steps of 
applying the ultraViolet-Setting adhesive to a part of the 

groove on Said Support Substrate, fitting one end of 
the optical fiber in the groove on the Support Sub 
Strate and adjusting optical coupling between Said 
photoelectric conversion element and optical fiber 
with the groove under the optical fiber filled with 
Said ultraViolet-Setting adhesive; 

Securing Said optical fiber on Said Support Substrate by 
irradiating Said ultraViolet-setting adhesive with 
ultraViolet light to Set Said ultraViolet-setting adhe 
Sive, and 

filling Said case with a protective element transparent to 
light transmitted by said optical fiber before mount 
ing the cap and Setting the same. 

29. A method for manufacturing a photoelectronic device 
according to claim 28, wherein Said protective element is 
formed using any of Silicone gel, Silicone rubber, low-StreSS 
epoxy resin, acrylic resin or urethane resin. 

30. A method of manufacturing a photoelectronic device 
comprising: 
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a package made of insulating resin; 
a Support portion located in Said package; 
a Support Substrate Secured to Said Support portion having 

a photoelectric conversion element mounted on one 
Surface thereof and having a groove for guiding an 
optical fiber extending toward Said photoelectric con 
Version element; 

Said photoelectric conversion element Secured on Said 
mounting portion; and 

Said optical fiber fitted in the groove on Said Support 
Substrate and guided by a guide or a ferrule having a 
sleeve with one end thereof in a face-to-face relation 
ship with Said photoelectric conversion element and the 
other end thereof located outside Said package and 
protected by a jacket, wherein one end of the optical 
fiber extending in Said package is fitted in the groove on 
Said Support Substrate and is Secured on the Support 
Substrate through Securing with an ultraViolet-Setting 
adhesive and Securing with thermosetting resin, the 
method comprising the Steps of: 
providing Said Support Substrate on which a lead frame 

having Said Support portion thereon and Said photo 
electric conversion element are Secured; 

Securing Said Support Substrate to the Support portion 
on Said lead frame; 

applying the ultraViolet-Setting adhesive to a part of the 
groove on Said Support Substrate, fitting one end of 
the optical fiber protected by a jacket and guided by 
a guide or a ferrule having a sleeve, in the groove on 
the Support Substrate, and adjusting optical coupling 
between Said photoelectric conversion element and 
optical fiber with the groove under the optical fiber 
filled with said ultraviolet-setting adhesive; 

Securing Said optical fiber on Said Support Substrate by 
irradiating Said ultraViolet-setting adhesive with 
ultraViolet light to Set the ultraViolet-Setting adhe 
Sive, 

connecting a wiring on Said Support Substrate and leads 
on said lead frame with conductive wires before or 
after Securing Said optical fiber on Said Support 
Substrate; 

covering a region including Said photoelectric conver 
Sion element, one end of Said optical fiber, Said wires 
and the region of the leads connected to Said wires, 
with a protective element transparent to light trans 
mitted by said optical fiber; 

molding a region including Said jacket or Said sleeve 
halfway with insulating resin to form Said package; 
and 

cutting and removing an unnecessary part of the lead 
frame protruding from Said package. 

31. A method for manufacturing a photoelectronic device 
comprising an optical fiber, a Support Substrate having a 
photoelectric conversion element mounted on one Surface 
thereof and having a groove for guiding Said optical fiber 
extending toward Said photoelectric conversion element, and 
a protective film transparent to light transmitted by Said 
optical fiber and resistant to humidity, provided in a package 
made of insulating resin, the method comprising the Steps of: 

applying a first adhesive to a part of the groove on Said 
Support Substrate; 

fitting one end of the optical fiber in the groove on Said 
Support Substrate and adjusting optical coupling 
between Said photoelectric conversion element and 
optical fiber with the groove under the optical fiber 
filled with said first adhesive; 
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Securing Said optical fiber on Said Support Substrate with conversion element, and a region in Said package 
Said first adhesive, and between Said photoelectric conversion element and one 

end of Said optical fiber opposed to each other. 
b id optical fib d resistant to humiditv i id 32. A method for manufacturing a photoelectronic device 
y said optical Iber and resistant to numidity in said according to claim 31, wherein Said first adhesive is an 

package So as to cover a part of said optical fiber ultraviolet-setting adhesive which is irradiated with ultra 
Secured on Said Support Substrate with Said first violet light to be set. 
adhesive, one end of Said optical fiber opposing to Said 
photoelectric conversion element, Said photoelectric k . . . . 

forming a protective film transparent to light transmitted 


